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SELECTED FACTORS FOR CONVERTING INCH-POUND UNITS
TO METRIC UNITS
For those readers who may prefer to use metric (International System)

units rather than inch-pound units, the conversion factors for the terms
used in this report are given below.

Multiply inch-pound unit By To obtain metric unit
Acre 0.4047 hectare

Acre-foot 1,233 cubic meter

Acre-foot per acre 3,047 cubic meter per hectare
Cubic foot per second 0.02832 cubic meter per second
Foot 0.3048 meter

Foot per mile 0.189%4 meter per kilometer
Inch 25.4 millimeter

Mile 1.609 kilometer

Square mile 2.590 square kilometer

To convert degrees Fahrenheit (°F) to degrees Celsius (°C), use the
following formula: °C = (°F-32)x5/9.

Sea level: 1In this report sea level refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a
general adjustment of the first-order level nets of both the United States
and Canada, formerly called mean sea level of 1929,



STREAMFLOW AT SELECTED GAGING STATIONS ON THE JAMES RIVER IN NORTH DAKOTA
AND SOUTH DAKOTA, 1953-82, WITH A SECTION ON CLIMATOLOGY

By Gregg J. Wiche, Rick D. Benson, and Douglas G. Emerson

ABSTRACT

Historic streamflow data were compiled and record extension techniques
were used, when necessary, to develop a monthly streamflow record for
1953-82 at streamflow-gaging stations on the James River in North Dakota and
South Dakota. The record extension techniques included both Maintenance of
Variance Extension Type 1 and Ordinary Least Squares.

In addition to the historic streamflow record, synthesized unregulated
streamflow was computed for gaging stations on the James River for 1953-82
by eliminating the effects of Jamestown Reservoir, Pipestem Reservoir, Sand
Lake National Wildlife Refuge, and the consumptive surface-water
withdrawals. Maintenance of Variance Extension Type 1, Ordinary Least
Squares regression, water-balance procedures, and drainage-area ratio
methods were used to compute the unregulated streamflows.

Mean annual historic streamflow of the James River at Jamestown is about
7,000 acre-feet less than the mean annual unregulated streamflow. Mean
monthly unregulated streamflow is greater than mean monthly historic
streamflow during March, April, and May; during all other months, unregu-
lated streamflow is less than historic streamflow.

The climate during 1953-82 was compared to the climate records, which
range in length from 53 to 102 years, in the James River basin to determine
if the climate during 1953-82 was similar to the climate that has occurred
during the last 90 years. On the basis of the climate analysis, the data-
development period (1953-82) does not represent an abnormally wet or dry
period. Thus, the streamflow during the data-development period represents
a range of streamflows that might be expected to occur during the last 90
years.

INTRODUCTION

In September 1983, a technical team consisting of members from the U.S.
Bureau of Reclamation, U.S. Fish and Wildlife Service, U.S. Geological
Survey, North Dakota State Water Commission, South Dakota Department of
Water and Natural Resources, and Garrison Conservancy District met to
discuss issues related to the hydrology of the James River basin in North
Dakota and South Dakota. The discussion focused on how to best analyze the
changes in the hydrology of the James River in North Dakota and South Dakota
that might result from operation of the Garrison Diversion Unit. Although
earlier studies to analyze the effects of the Garrison Diversion Unit on the
hydrology of the James River have been completed by the U.S. Bureau of



Reclamation, different results were obtained by using the Hydrologic River
Operation Study System and the Return Flow Models (U.S. Department of the
Interior, 1983, page III-20). Because of the limitations of existing
streamflow models, the technical team concluded that a new model should be
developed to analyze a wide range of streamflow conditions and the resulting
hydrologic conditions that could be expected to occur in the James River
basin.

The new model, Garrison Diversion Unit Monthly Operations Model,
developed by the U.S. Bureau of Reclamation requires, as input data, the
monthly unregulated streamflows at 13 gaging stations on the James River for
1953-82. Streamflow data of different record lengths are available at all
of the 13 gaging stations along the James River in North Dakota and South
Dakota.

Historic streamflow, as used in this report, refers to the measured
streamflow and, if necessary, the synthesized streamflow for 1953-82. Any
values of historic streamflow that are synthesized are based on the water-
impounding structures now in place in the James River basin.

This report describes the results of a study to compile and analyze the
monthly streamflow data needed as input to the Garrison Diversion Unit
Monthly Operations Model developed by the U.S. Bureau of Reclamation. The
specific objectives of this study were as follow:

(1) Compile and extend the streamflow record where necessary to develop
monthly streamflow for 1953-82 at 13 gaging stations on the James River
(p1. 1, in pocket)

Station number - Station name
06468170 James River near Grace City, N.Dak.;
06468500 James River near Pingree, N.Dak.;
06470000 James River at Jamestown, N.Dak.;
06470500 James River at LaMoure, N.Dak.;
06470878 James River at North Dakota-South

Dakota State 1line;

06471000 James River at Columbia, S.Dak.;
06472000 James River near Stratford, S.Dak.;
06473000 James River at Ashton, S.Dak.;
06475000 James River near Redfield, S.Dak.;
06476000 James River at Huron, S.Dak.;:
06477000 James River near Forestburg, S.Dak.;
06478000 James River near Mitchell, S.Dak.;
06478500 James River near Scotland, S.Dak.;

(2) estimate an unregulated streamflow for 1953-82 by using water-
balance and statistical techniques for all gaging stations identified in
item 1; and

(3) characterize the climate for 1953-82 on the basis of recorded
climatologic record of about 90 years to determine if 1953-82 was similar to
the climate that has occurred during the last 90 years.



In this study, an attempt was made to provide reasonable estimates of
streamflow in terms of means and variances of the flow. However, the
methods employed do not attempt to preserve the interstation correlation of
streamflow values on the James River.

DESCRIPTION OF STUDY AREA

The James River, about 747 miles in total length, drains parts of east-
central North Dakota and South Dakota (pl. 1). The James River basin
encompasses about 22,000 square miles, of which 8,000 square miles is in
North Dakota and 14,000 square miles is in South Dakota. The headwaters of
the James River are located in Wells County, N.Dak. From these headwaters,
the James River extends about 100 miles to Arrowwood National Wildlife
Refuge. Streamflow is low or nonexistent much of the year in this reach of
the river. Jamestown Reservoir, located immediately downstream of the
refuge in a narrow valley, was created by the completion of the Jamestown
Dam during 1953. Pipestem Creek, a major tributary to the James River,
enters the James River 1 mile downstream of Jamestown Reservoir. Pipestem
Creek has been regulated since the completion of the Pipestem Dam and
Reservoir during 1974.

Downstream from Jamestown Dam, the James River meanders for about 135
miles within the confines of a broad valley to near the North Dakota-South
Dakota State line. Near the State 1ine, the James River enters the lakebed
of glacial Lake Dakota and flows through Dakota Lake National Wildlife
Refuge and Sand Lake National Wildlife Refuge. Both refuges were created by
construction of low-head dams. The water-surface elevation in Dakota Lake
is regulated by a low-head concrete dam control and the total storage capa-
city is about 3,200 acre-feet. The water-surface elevation in Sand Lake
National Wildlife Refuge is regulated by two control structures, and the
total storage capacity is about 27,200 acre-feet. After leaving Sand Lake
National Wildlife Refuge, the river flows through the Lake Dakota plain for
about 150 miles to Redfield, S.Dak. Within parts of the Lake Dakota plain,
the slope of the river is less than 0.1 foot per mile and the channel capa-
city is as little as 200 cubic feet per second. Downstream from Redfield,
S.Dak., the channel capacity and slope increase. The elevation of the river
decreases about 130 feet in 474 river miles within South Dakota.

Several dams are located on the James River in South Dakota. Two dams
near Huron, the James Diversion Dam (capacity 4,980 acre-feet) and the Third
Street Dam (capacity 2,700 acre-feet), provide the city of Huron's major
water supply. Most of the smaller dams were constructed privately and are
used as river crossings or as diversion points for private irrigation. The
Tacoma Park and Spink County Dams are used primarily for recreation.

METHODS OF STREAMFLOW RECORD EXTENSION

Record extension can be accomplished by several methods, including use
of a drainage-area ratio, regional statistics, regression, and
precipitation-runoff modeling. The drainage-area ratio method (Hirsch,



1979) is based on the assumption that the ratio of the flows at two gages is
equal to the ratio of their drainage areas using the following equation:

¥i = (aylay)xj, (1)
where

the estimated flow during month i at the site of interest, in
cubic feet per second;
ay = the drainage area at the site of interest, in square miles;

dy = the drainage area at the base station, in square miles; and

Xxj = the gaged flow during month i at the base station, in cubic feet
per second.

If there are no records of streamflow at the site of interest or reliable
regional flow statistics, the assumption that the flows are proportional to
their drainage areas may be the best assumption to make.

Vi

The regional statistics method (Thomas and Benson, 1970) uses regional
regression equations developed between streamflow and basin characteristics
to estimate mean monthly flows. The equations have not been developed for
North Dakota and South Dakota, and their development was not within the scope
of this study. Therefore, this method was not used.

Regression techniques can be used to extend streamflow records in time.
Regression methods are based on the assumption that streamflow records are
available at the site of interest for a period of N years, and records at
the base station are available for the same Nj years, plus an additional A7
years.

Ordinary Least Squares (OLS) regression can be used to estimate
streamflow at the site of interest using the following equation:

;'7' = a+bxi, (2)
where

yi and xj are defined as before.

The parameters a and b are those values that minimize the squared errors.
The solution of equation 2 becomes

yi = m(y1)+rls(y1)/s(x1)1x-m(x1)1, (3)
where
m(y1) = the sample mean of N years of gaged flow at the site of
interest, in cubic feet per second;
r = the sample product-moment correlation coefficient between the N
concurrent measurements of x and y;
s(y1) = the sample standard deviation of Np years of streamflow at the
site of interest, in cubic feet per second;
s(x1) = the sample standard deviation of Nj years of streamflow at the
base station, in cubic feet per second; and
m(x1) = the sample mean of N; years of streamflow at the base station,

in cubic feet per second.



Matalas and Jacobs (1964) showed that the sample mean, m(yj), is an unbiased
estimate of the population mean, Hys but the sample variance, sz(yl), is a
biased estimate of the population variance, o?y.

Maintenance of Variance Extension Type 1 (MOVE.1) uses the same equation
(equation 2) as OLS, but the parameters a and b are determined so that the
mean and variance estimated using equation 2 over the period N would equal
the sample mean and variance. The solution of equation 2 becomes

¥i = m(y1)+[s(r1)/s(x1) I0xs-m(x1) 1. (4)

Equations 3 and 4 differ simply by the r term included in equation 3.
Monte Carlo and empirical experiments with actual streamflow records by
Hirsch (1982) showed that, even for a relatively small sample size, the
MOVE.1 equation tends to produce a less biased estimate of the variance of
an extended streamflow record than does OLS regression. Hirsch (1982) and
Alley and Burns (1983) present a complete development of the MOVE.1 and OLS
equations.

The reason for record extension is to produce a time series that is
relatively long and possesses the same statistical characteristics as those
of the actual record. Hirsch (1982) demonstrated that the MOVE.l equation
procedure preserves the statistical characteristic of the actual record
better than the OLS procedure.

Alley and Burns (1983) developed a means of selecting monthly extension
equations either using flow values only from the same month, or developing
the extension equation using all flow values. The selection involves a
tradeoff between the ability to preserve monthly differences versus greater
sample size. The MOVE.1 equation (Alley and Burns, 1983) has an option that
allows for both cyclic and noncyclic extension equations to be considered
for each individual prediction. If the cyclic option is selected, an exten-
sion equation is computed for that month using only streamflow values for
the same month; if the noncyclic option is selected, an extension equation
is computed using all concurrent streamflow values for the period of record.

For a particular month, the missing value for the dependent station is
estimated using both the noncyclic (annual) equation and the cyclic equation
(monthly), and a standard error of prediction is computed for both estimates.
The equation that provides the smallest standard error of prediction is used
to estimate the missing value.

The use of untransformed data or logarithms to extend records was
studied by Hirsch (1979) and Stedinger (1980). The conclusion reached by
both Hirsch and Stedinger was to work with logarithms.

A precipitation-runoff model is another viable method for developing a
time series for flows at a site. The method requires development and
calibration of a precipitation-runoff model that can simulate snowmeit and
rainfall runoff. A calibrated model does not exist for the areas of
interest, and the calibration of such a model was not within the scope of



this study. In this study, a combination of regression techniques and
drainage-area ratio were used to extend the streamflow records. In most
cases, hydrologic judgment was used to select the best extension techniques.

HISTORIC STREAMFLOW RECORD EXTENSION
North Dakota Gaging Stations

James River near Grace City.--Streamflow records for the James River
near Grace City (station number 1 on pl. 1 and table 1) begin in June 1968.
Streamflow for January 1953 through June 1968 was computed using the MOVE.1
record extension technique. The predictor, or base station, used was the
Sheyenne River at Cooperstown, which has a drainage area of about 2,670
square miles (of which about 1,400 square miles probably is noncontributing).
Concurrent streamflow records for 14 years, 1969-82, or 168 months, for the
James River near Grace City and the Sheyenne River at Cooperstown were
available. The concurrent streamflow data were 1og transformed and then
used to develop a MOVE.1 equation. The proximity of the Sheyenne River and
the James River, plus similar basin characteristics in the two basins, indi-
cated that the Sheyenne River would be a good predictor station. No other
stations with concurrent record, similar basin characteristics, and proxi-
mity to the Grace City gage exist that could have been used as an alter-
native base station.

Cyclic (monthly) equations had the lowest correlation coefficients in
the winter months December-March and in August and September (table 2). The
noncyclic equation, developed using all concurrent monthly streamflows, had
a correlation coefficient greater than or equal to the cyclic equation from
June through September. When there was no flow on the Sheyenne River at
Cooperstown, streamflow values for the site of interest were estimated by
reviewing historic streamflows upstream and downstream of the site of
interest. Measured and synthesized streamflows for the data-development
period (1953-82) are listed in supplement 1.

James River near Pingree.--Streamflow records for the James River near
Pingree (station 2 on pl. 1) are available for water years 1953-68. A
MOVE.1 equation was used in an attempt to estimate the streamflow at the
Pingree gage for October 1968 through December 1982. The Sheyenne River at
Cooperstown was chosen as the predictor or independent station. Fifteen
years of concurrent monthly streamflow data were used to develop the exten-
sion equation. The correlation coefficient for the noncyclic (annual)
equation is 0.67; and the correlation coefficients for the cyclic (monthly)
equation range from 0.28 to 0.77 (table 3). Moderate correlation coef-
ficients probably are caused by the regulation and natural storage in
Arrowwood National Wildlife Refuge located just upstream of the James River
near Pingree gage. Therefore, it was concluded that MOVE.1 is unacceptable
as a technique to estimate the monthly historic streamflow of the James
River near Pingree.




Table 1.--Selected streamflow-gaging stations operated by the U.S. Geological Survey

in the James River basin

Drainage area
(square miles)

Station
number Station name Total Noncontributing Period of record

1 06468170 James River near Grace City, N.Dak. 1,060 650 6/68 to present.

2 06468500 James River near Pingree, N.Dak. 1,670 988 10/52 through 9/68.
06469400 Pipestem Creek near Pingree, N.Dak. 700 440 10/74 to present.
06469500 Pipestem Creek near Buchanan, N.Dak. 758 460 3/50 through 9/74.

3 06470000 James River at Jamestown, N.Dak. 2,820 1,650 4/43 to present.

4 06470500 James River at LaMoure, N.Dak. 4,390 2,600 4/50 to present.
06470800 Bear Creek near Oakes, N.Dak. 357 255 10/76 to present.
06470875 James River at Ludden Dam, N.Dak. 5,480 3,300 10/81 to present.

5 06470878 James River at North Dakota-South 5,480 3,300 10/81 to present.

Dakota State line
06470980 James River near Hecla, S.Dak. 5,520 3,310 2/82 to present.

6 06471000 James River at Columbia, S.Dak. 5,860 3,380 10/45 to present.

06471200 Maple River at the North Dakota- 750 270 6/56 to present.
South Dakota State 1ine

7 06472000 James River near Stratford, S.Dak. 8,860 4,010 3/50 through 9/72.

8 06473000 James River at Ashton, S.Dak. 9,740 4,070 10/45 to present.

9 06475000 James River near Redfield, S.Dak. 13,900 4,120 3/50 to present.

10 06476000 James River at Huron, S.Dak. 15,900 4,150 8/28 to 9/32,

8/43 to present.

11 06477000 James River near Forestburg, S.Dak. 17,600 4,150 3/50 to present.

12 06478000 James River near Mitchell, S.Dak. 19,100 4,150 7/53 through 9/58,

8/65 through 9/72.
13 06478500 James River near Scotland, S.Dak. 20,700 4,150 9/28 to present.




Table 2.--Monthly and annual correlation coefficients between the James

River near Grace City, North Dakota, and the Sheyenne River at

Cooperstown, North Dakota

Month

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

0.64 (*) 0.69 0.94 0.93 0.83 0.86 0.65 0.33 0.50 0.90 0.62
Annual (noncyclic) correlation coefficient = 0.86.

'Less than five nonzero concurrent monthly discharges.

Historic streamflow of the James River at the Pingree gage from October
1968 through December 1982 was computed as follows:

(1) Unregulated streamflow of Pipestem Creek at its junction with the
James River was subtracted from the unregulated streamflow of the
James River at Jamestown, and

(2) the result from (1) was multiplied by 0.90 to account for the
intervening drainage area of the James River between Pingree and
Jamestown.

Methods used to estimate the unregulated streamflow of the James River at
Jamestown are discussed in the following section.

Synthesized unregulated streamflow for Pipestem Creek at its junction
with the James River for 1953 through 1974 (necessary for completion of
item number 1) was computed by using the following equation:

Qu-mouth = (Qp-p)(1.39), (5)

where
Qu-mouth = unregulated streamflow of Pipestem Creek at its junction with
the James River, and
Qp-p = historic streamflow of Pipestem Creek near Buchanan, N.Dak.

The factor of 1.39 accounts for the intervening contributing drainage area
between Pipestem Creek near Buchanan and Pipestem Creek at its junction with
the James River. The Pipestem Creek near Buchanan gage was discontinued in
1974 and a new gage was established approximately 7 miles upstream (Pipestem
Creek near Pingree). Synthesized unregulated streamflow of Pipestem Creek
at its junction with the James River for 1975 through 1982 was computed by
using equation 5, but the historic streamflow of Pipestem Creek near Pingree
was adjusted for the 13-percent increase in intervening contributing
drainage area between Pingree and Buchanan and used in place of the historic
streamflow near Buchanan (0Qp-p).



Table 3.--Monthly and annual correlation coefficients between the James

River near Pingree, North Dakota, and the Sheyenne River at

Cooperstown, North Dakota

Month

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

(*) (*) o0.64 0.65 0.77 0.45 0.28 0.73 0.62 0.70 0.48 0.69
Annual (noncyclic) correlation coefficient = 0.67.

lLess than five nonzero concurrent monthly discharges.

James River at Jamestown and at LaMoure.--Historic streamfiows are
available for the James River at Jamestown and at LaMoure gages for 1953
through 1982 (supplement 1). Thus, no synthesized streamflows were required
for these locations.

James River at the North Dakota-South Dakota State line.--Only 2 years
(1982-83) of streamflow data are available for the James River at the North
Dakota-South Dakota State line. Thus, the relatively short period of con-
current streamflow record between the State 1ine and LaMoure gages precluded
the use of regression techniques (MOVE.1 or OLS) to extend the historic
record. The drainage-area ratio method, as outlined by Hirsch (1979) and
discussed in the Methods of Streamflow Record Extension section, was first
considered as a method to compute the historic streamflow at the State line.

Based on the drainage-area ratio method, the annual streamflow at the
State 1ine should be 22 percent greater than the streamflow at LaMoure.
However, annual streamflow of the James River at the State line in 1982 was
3.5 percent greater than the annual streamflow of the James River at LaMoure
and in 1983 was 2.6 percent less than the streamflow of the James River at
LaMoure (table 4). One possible explanation for this overestimate of
streamflow using the drainage-area ratio method is that the flat slope pre-
vents rapid drainage of water from the basin. From Jamestown to the
northern half of LaMoure County, the gradient is 1.5 feet per mile; whereas
downstream of LaMoure, the gradient is 0.5 foot per mile. Another possible
explanation for this overestimate of streamfiow is that the drainage network
is not well defined downstream from LaMoure. The flat slope and the poorly
defined drainage network tend to increase the amount of runoff entering
depressional storage and allow a greater proportion of the runoff to
evaporate and infiltrate.
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Two tributaries account for 65 percent of the increase in intervening
drainage area between LaMoure and the State line. Cottonwood Creek accounts
for 36 percent of the intervening contributing drainage area. A small
reservoir is located on Cottonwood Creek (pl. 1), and it generally retains
most of the runoff from the basin, except in the wetter years. Bear Creek
accounts for 29 percent of the intervening contributing drainage area.

Daily streamflow record has been collected on Bear Creek near Oakes, N.Dak.,
since 1976. ’

Because the drainage-area ratio technique overestimates the streamflow
of the James River at the State 1line, streamflow at the State line was com-
puted by using the gaged record at Bear Creek near Oakes and a linear func-
tion based on the streamflow at LaMoure to account for the remaining
intervening contributing drainage area. Thus, historic monthly streamflow
of the James River at the State line from October 1976 through 1982 was com-
puted as follows:

On-1a+0n-prs if Qp-15 < 100 cubic feet per second; (6)

Oh- 1a+0h-pr+0h- 1a(-0.057+(5.70) (10-4) (0p-14)) ,

if 100 cubic feet per second < Qp-74 £ 400 cubic
feet per second; and
Qnr-1a(1.17)+Qp-pprs if Qp-13 > 400 cubic feet

per second;

On-st1

where

Qp-st1 = historic streamflow of the James River at the State line,

Qp-14 = historic streamflow of the James River at LaMoure, and
Qp-pr = historic streamflow of Bear Creek near Oakes.

This equation is based on two concepts. First, in the drier years, the
streamflow of the James River at LaMoure plus the streamflow from Bear Creek
near Oakes is a reasonable estimate of the flow at the State line because
little flow is contributed by Cottonwood Creek. Second, in years of average
to greater-than-average streamflow in the James River basin, the State line
streamflow is reasonably estimated as the sum of the streamflows of the
James River at LaMoure and Bear Creek plus some additional streamflow.

Although many methods could have been selected to estimate the
streamflow from the intervening drainage area between LaMoure and the State
line, a linear function of the streamflow at LaMoure was used. Analysis of
streamflow records indicates that when the streamflow at LaMoure is less
than 100 cubic feet per second, the contribution to the James River from
tributaries such as Cottonwood Creek and Bear Creek is minimal. When the
streamflow at LaMoure is 400 cubic feet per second or greater, the tribu-
taries usually are contributing significant runoff to the James River. The
contribution based on the linear function ranges from zero percent when the
streamflow at LaMoure is less than 100 cubic feet per second to 17 percent
when the streamflow at LaMoure is 400 cubic feet per second or greater. The
17-percent factor is based on the intervening contributing drainage area
between LaMoure and the State 1ine minus the contributing drainage area of
Bear Creek.
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For June 1956 through September 1976, a MOVE.1l equation was used to
estimate the streamflow for Bear Creek. The Maple River at the State line
was used as the predictor or independent station. The Maple River was cho-
sen as the predictor station because of its similar basin characteristics
and proximity to the Bear Creek drainage basin. The noncyclic equation
(correlation coefficient = 0.82) was used to estimate the streamflow for all
months except April. The cyclic (monthly) equation (correlation coefficient
= 0.92) was used to estimate the April streamflows for Bear Creek near Oakes
for 18 years, and the noncyclic equation was used for 1 year. Computed
streamflow for Bear Creek near Oakes for 1956 through 1976 was used in
equation 6 in place of the historic streamflow (Qn-p,) to develop the
monthly streamfliow of the James River at the State line.

Because no streamflow data are available for Bear Creek or the Maple
River prior to June 1956, the historic record of the James River at the
State line for January 1953 through May 1956 was extended using the
following equation:

Qhp-14(1.05), if Qp-75 < 100 cubic feet per second; (7)

Oh-1a(1.05)+0p_ 74(-0.057+(5.70) (1074) (0p- 14))

if 100 cubic feet per second < Qp-75 £ 400 cubic
feet per second; and
Qp-1a(1.22), if Qu-75 > 400 cubic feet per second;

terms are defined in equation 6.

Op-st1

Thus, for June 1956 through December 1982, if the streamflow of the
James River at LaMoure is less than 100 cubic feet per second, the
streamfiow of the James River at the State line is equal to the streamflow
of the James River at LaMoure plus the streamflow of Bear Creek. When the
streamflow at LaMoure is between 100 cubic feet per second and 400 cubic
feet per second, the streamflow at the State line is equal to the streamflow
at LaMoure, the streamflow of Bear Creek, and an additional amount that
accounts for the intervening contributing drainage area between LaMoure and
the State line. This additional contribution ranges from zero to 17 percent
of the streamflow at LaMoure and is a linear function of the streamflow at
LaMoure between 100 cubic feet per second and 400 cubic feet per second.

For streamflows greater than 400 cubic feet per second, the additional
contribution is 17 percent of streamflow of the James River at LaMoure. The
17-percent factor is based on the intervening contributing drainage area of
the James River between LaMoure and the State line.

For 1953 through May 1956, the streamflow of the James River at LaMoure
was multiplied by 1.05 to account for the contributing drainage area of Bear
Creek (equation 7). The remaining 17 percent of the contributing drainage
area to the James River between LaMoure and the State l1ine was accounted for
by using a linear relationship based on the streamflow at LaMoure.
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South Dakota Gaging Stations

Relatively long-term streamflow records are available for eight James
River main-stem gaging stations in South Dakota 1isted in table 1 and shown
on plate 1. All1 stations except the James River near Stratford and the
James River near Mitchell, S. Dak., were in operation throughout the data-
development period (1953-82). Historic streamflow for the data-development
period for the eight James River gaging stations in South Dakota is listed
in supplement 1.

James River near Stratford.--The Stratford gage was discontinued in
September 1972. Therefore, it was necessary to extend the Stratford
streamflow record for October 1972 through December 1982. The degree of
association between the monthly streamfiow of the James River near Stratford
and the James River at Ashton, S.Dak., was computed by determining the
correlation of streamflow at the two gaging stations. Correlation of the
untransformed monthly streamflows resulted in a correlation coefficient of
0.99. Because of the strong linear relation between the recorded
streamflows at the two stations, the decision was made to use OLS to extend
the streamflow of the James River near Stratford using the streamflow of the
James River at Ashton as the independent variable. OLS was used to extend
streamflow at all gaging stations in South Dakota.

The streamflow distribution for the James River near Stratford is skewed
to the right, as indicated by the fact that the mean of the untransformed
monthly values equals 113 cubic feet per second and the median of the
untransformed values equals 16 cubic feet per second. The correlation coef-
ficients and regression equations used to extend the monthly streamflow for
the James River near Stratford (Qs) using the monthly streamflow for the
James River at Ashton (Q3) are listed in table 5.

James River near Mitchell.--The James River near Mitchell gage was
operated from July 1953 through September 1958 and from August 1965 through
September 1972. Thus, it was necessary to extend the streamflow record at
Mitchell for January through June 1953, for October 1958 through July 1965,
and for October 1972 through December 1982.

Benson (1983) indicated that the traveltime between the James River
near Forestburg and Mitchell, S.Dak., gages is about 3 days for a streamflow
of approximately 900 cubic feet per second. Because there is a relatively
short traveltime and no major tributary inflow between these stations, there
is a good correlation coefficient of 0.995 for the untransformed concurrent
streamflow values between the Forestburg and Mitchell gages. Based on the
correlation of monthly streamflow at the two stations, the James River near
Mitchell streamflow was extended using the streamflow of the James River
near Forestburg as the independent variable in an OLS regression equation.
Although no zero monthly streamflows were recorded at the Mitchell gage
during the period of record, skewed flow characteristics do exist (the
average streamflow for the period of record is 313 cubic feet per second,
and the median streamflow is 71 cubic feet per second). Therefore, the
monthly streamflow data were l1og transformed and then separate OLS
regression equations were computed for each month. Correlation coefficients
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Table 5.--Monthly regression equations used to compute the synthesized

historic streamflow of the James River near Stratford, South Dakota

[Qs, streamflow of the James River near Stratford, in acre-feet;
04, streamflow of the James River at Ashton, in acre-feet]

Correlation
Month coefficient Regression equation
January 0.986 1nQs = -0.500385+0.941216(1n03)
February .958 InQs = -0.716670+0.911617(1nQ4)
March .968 1nQs = -0.641005+0.997692(1nQ4)
April | .990 1nQs = 0.187038+0.975717(1nQ;)
May .993 1nQs = -0.219997+1.007802(1nQ3)
June .989 1nQs = -1.098180+1.083781(1nQ3)
July .982 InQs = -0.607611+1.052843(1nQ;)
August .966 InQs = -0.552746+1.017272(1nQ4)
September .998 1nQs = -0.184376+0.985384(1nQ3)
October .988 InQs = -0.284239+0.984672(1nQ3)
November .972 1nQs = -0.690318+1.021742(1nQy)
December .987 1nQs = -0.679947+1.031471(1n04)

and the regression equations for each month are listed in table 6.
Synthesized historic streamflow at the Mitchell gage (Qp) was computed using
the streamflow near Forestburg (Qf) as the independent variable and the
respective equation for a particular month.

For record extension at the Stratford and Mitchell gages, the MOVE.1
technique could have been used instead of OLS. In the MOVE.l1l equation, the
values of the coefficients in the linear regression equation are computed to
maintain the sample mean and variance rather than minimize the squared
errors as is done using OLS. When the correlation coefficient equals 1, the
MOVE.1 and OLS procedures produce identical equations. Because the correla-
tion coefficients nearly equaled 1 for the equations developed to compute
the streamflow of the James River near Stratford and near Mitchell, the
MOVE.1 equation and regression equation would provide about the same
streamflow record.
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Table 6.--Monthly regression equations used to compute the synthesized

historic streamflow of the James River near Mitchell, South Dakota

[On, streamflow of the James River near Mitchell, in acre-feet;
Qf, streamflow of the James River near Forestburg, in acre-feet]

Correlation
Month coefficient Regression equation
January 0.995 InQp = 0.876942+0.907562(1n0r)
February .992 InQp = 1.690584+0.806011(1nQf)
March .947 InQp = 0.533436+0.965964(1n0f)
April .999 InQp = 0.285914+0.987790(1nQr)
May .998 InQp = 0.556699+0.954971(1n0r)
June .967 InQp = 0.228300+0.989671(1n0r)
July .979 InQp = -0.214500+1.034694 (1nQf)
August .997 InQp = 1.991845+0.793372(1n0f)
September .996 InQp = 1.702997+0.796279(1nQr)
October .991 1nQp = -0.193822+1.037731(1nQf)
November .991 InQp = 2.264337+0.712094(1nQf)
December .987 InQp = 1.938280+0.764022(1nQf)

COMPUTATION OF SYNTHESIZED UNREGULATED STREAMFLOW

Synthesized unregulated streamflow (supplement 2), as used in this
report, is defined as the streamflow that would occur in the absence of the
hydrologic effects caused by Jamestown Reservoir, Pipestem Reservoir, Sand
Lake National Wildlife Refuge, and the consumptive surface-water withdrawals
such as irrigation, municipal use, and industrial use. The estimates of
unregulated streamflow do not account for numerous small, Tow-head dams that
have been built on the main stem and tributaries of the James River for
water supply, fish and wildlife, and recreational purposes. These low-head
dams are expected to have minimal effects on the monthly streamflow values.

Surface-water withdrawal data (supplement 3) were obtained from the
North Dakota State Water Commission and the South Dakota Department of Water
and Natural Resources. Synthesized unregulated streamflow was computed for
the same 13 locations on the James River for which the historic data were
developed.
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North Dakota Gaging Stations

James River near Grace City.--Synthesized unregulated streamflow of the
James River near Grace City is about the same as the historic streamflow.
Mean monthly surface-water withdrawals between the headwaters of the James
River and the Grace City gage were less than 0.30 cubic foot per second
during 1953-82. Unregulated streamflow at the Grace City gage was computed
by adding the estimated surface-water withdrawals upstream from the gage to
the historic streamflow at the gage. The assumption was made that no part
of the surface-water withdrawals returned to the James River.

James River near Pingree.--Synthesized unregulated streamflow of the
James River near Pingree was computed in the same manner as the unregulated
streamflow of the James River near Grace City. There are no surface-water
withdrawals between the Grace City and Pingree gages. Therefore, the unre-
gulated streamflow of the James River near Pingree is set equal to the
historic streamflow at Pingree plus the estimated surface-water withdrawals
from the Grace City gage to the headwaters. '

James River at Jamestown.--Synthesized unregulated streamflow of the
James River at Jamestown was computed by removing the effect of Jamestown
Reservoir and Pipestem Reservoir. For January 1953 through September 1968,
the following equation was used:

0u-j = 0u—pi(1-11)+0u-psm, (8)
where
Qu-j = unregulated streamflow of the James River at Jamestown,
Qu-pi = unregulated streamflow of the James River near Pingree,
Qu-psm = unregulated streamflow of Pipestem Creek at its junction with

the James River.

Synthesized unregulated streamfiow of the James River near Pingree was
multiplied by 1.11 to account for an 1ll-percent increase in contributing
drainage area between the James River near Pingree gage and the James River
at Jamestown gage.

Synthesized unregulated streamflow for Pipestem Creek at its junction
with the James River for 1953 through 1982 was computed as follows:

Qu-psm = Qu-psp(1.39)+Qy, (9)
where
Ou—psm = unregulated streamflow of Pipestem Creek at its junction with
the James River,
Ou-psb = unregulated streamflow of Pipestem Creek near Buchanan, and

Qw

Synthesized unregulated streamflow of Pipestem Creek at its confluence with
the James River for October 1974 through December 1982 was computed using
equation 9, but the streamflow of Pipestem Creek near Pingree was adjusted
for a 13-percent increase in intervening drainage area between the Pingree
gage and the Buchanan gage before using equation 9.

surface-water withdrawals from Pipestem Creek.
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A MOVE.1 equation was used to compute synthesized unregulated streamflow
for the James River at Jamestown for October 1968 through December 1982
(subsequent to when the James River near Pingree gage was discontinued).
The Sheyenne River at Cooperstown was used as the predictor station.
Concurrent unregulated streamflow record is available from October 1944
until the construction of the Jamestown Dam in 1953. This relatively short
concurrent streamflow record was first extended using the drainage-area
ratio method (equation 8) to compute the unregulated streamflow of the James
River at Jamestown for January 1953 through September 1968. These
streamflows were combined with the historic streamflow prior to reservoir
construction (1944 through 1952) to provide an unregulated streamflow of the
James River at Jamestown for October 1944 through September 1968. This
unregulated streamflow was used to develop a MOVE.1 equation with the
Sheyenne River at Cooperstown. The noncyclic (annual) regression equation
(r = 0.84) was used to compute the unregulated streamflow of the James River
at Jamestown for October 1968 through December 1982.

Water-balance procedures were used as an alternative method to compute
the synthesized unregulated streamflow of the James River at Jamestown for
October 1968 through December 1982. The following equation was used to com-
pute the unregulated streamflow at Jamestown:

Qu-j = Qp-j+S+EA-PA, (10)
where
Qu-j = synthesized unregulated streamflow of the James River at
Jamestown,
Qp-j = historic streamflow of the James River at Jamestown,

S = change in reservoir storage,

£ = reservoir evaporation,

A = reservoir surface area, and

P = precipitation falling on the reservoir.

A1l terms (that is, Qu-j, Op-j, S, EA, and PA) are in acre-feet and are
based on monthly values. The change in reservoir storage was obtained from
the UBS Geological Survey annual data reports (U.S. Geological Survey,
1959-82).

The National Oceanic and Atmospheric Administration (NOAA) has main-
tained a pan-evaporation station at Edgeley, N.Dak., from 1950 through 1969
and at Carrington, N.Dak., from 1967 through 1982 (U.S. Department of
Commerce, National Oceanic and Atmospheric Administration, Environmental
Data Service, 1951-83). Monthly pan-evaporation data were multiplied by
0.74 to obtain the equivalent lake evaporation. The coefficient of 0.74
(U.S. Department of Agriculture, no date) was intended for use in converting
annual values of pan evaporation to gross reservoir evaporation and should
be used with caution when converting monthly values (Winter, 1981).
However, due to a lack of better data, this value was used. When pan-
evaporation data were unavailable (usually November through March), the
average annual evaporation from shallow lakes and reservoirs was multiplied
by the percentage of the mean annual evaporation that normally occurs in a
given month (U.S. Department of Agriculture, no date). Monthly lake-
evaporation estimates were multiplied by the month-end reservoir surface
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area to obtain the monthly evaporation from the surface of Jamestown
Reservoir.

Monthly precipitation data at Jamestown (U.S. Department of Commerce,
National Oceanic and Atmospheric Administration, Environmental Data Service,
1953-83) were multiplied by reservoir surface area (U.S. Geological Survey,
1964, 1969, 1971-83, and 1973) to obtain the volume of precipitation falling
on the reservoir surface. )

Unregulated streamflow computed using water-balance procedures was com-
pared to the unregulated streamflow computed using the MOVE.1 equation
(table 7). Considerable differences in the estimates of streamflow were
found between the two methods. An extreme example occurred in 1974 when the
annual streamflow computed using the MOVE.1 equation (164,200 acre-feet) was
about 2.5 times greater than the annual streamflow computed using the water-
balance procedures (60,300 acre-feet). Analysis of the streamflow record
indicated there was relatively large runoff from the headwaters of the
Sheyenne River upstream of Cooperstown, N.Dak., from March through June.

The relatively large runoff was caused by snowmelt in March and April and
greater-than-normal rainfall in May. The large streamflows (May-June) of
the Sheyenne River at Cooperstown were used as the independent variable in
the MOVE.1 equation to predict the unregulated streamflow of the James River
at Jamestown. Although a snowmelt-runoff peak on the James River occurred,
there was no secondary peak caused by rainfall in May or June. Thus, the
MOVE.1 equation provides a much greater streamflow than is expected for this
period. :

As a result, unregulated streamflow of the James River at Jamestown for
October 1968 through December 1982 was computed using a MOVE.1 equation, but
adjustments were made to monthly streamflows in years when there was a large
difference between the streamflow computed using the MOVE.1 equation and the
streamflow computed using water-balance procedures. The adjustments were
made by comparing the monthly streamflow computed using the MOVE.1 equation,
water-balance procedures, and measured discharges upstream and downstream
from the James River at Jamestown. Unregulated streamflows of the James
River are listed in supplement 2.

James River at LaMoure.--Synthesized unregulated streamflow of the James
River at LaMoure was computed using the following equation:

Qu-1a = Qu-j*+(0n-1a-0h- ) +Qu> (11)
where
Qu-14 = unregulated streamflow of the James River at LaMoure,
0u-j = unregulated streamflow of the James River at Jamestown,
Qp-14 = historic streamflow of the James River at LaMoure,

Qp-j = historic streamflow of the James River at Jamestown, and
Qy = surface-water withdrawals between Jamestown and LaMoure.

The term (Qp-75-Qp-j) represents the historic increase or decrease in
streamflow between the Jamestown and LaMoure gages.
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Table 7.--Synthesized unregulated streamflow of the James River near

Jamestown, North Dakota, 1969-82

Discharge (acre-feet per year)

Calendar -
year Water balance MOVE.1 equation
1969 181,100 113,600
1970 14,900 28,400
1971 46,000 59,100
1972 46,100 40,900
1973 2,060 5,970
1974 60,300 164,200
1975 141,200 52,900
1976 33,000 8,740
1977 319 1,330
1978 58,400 8,390
1979 136,700 174,000
1980 19,900 1,550
1981 26,800 18,900
1982 114,900 22,700

James River at the North Dakota-South Dakota State line.--Synthesized

unregulated streamflow of the James River at the State 1ine for June 1956
through December 1982 was computed using the following equation:

Qu-st1

where
Qu-st1

Qu-1a =
Qu-br =
0w=

Qu-1atQy-prtQys if Qy-15 < 100 cubic feet per second; (12)

Qu- 1a+Qu-br+Qu+Qy- 1a(-0.057+(5.70) (10-4) (Qy-14) ), if

100 cubic feet per second £ Qy-754 < 400 cubic feet
per second; and

(Qu-1a) (1.17)4Qy-pr+0y, if Qy-154 > 400 cubic feet per
second;

unregulated streamfiow of the James River at the State line,
unregulated streamflow of the James River at LaMoure,
unregulated streamflow of Bear Creek near Oakes, and
surface-water withdrawals between LaMoure and the State 1ine.

Synthesized unregulated streamflow of Bear Creek for October 1976 through
December 1982 is equal to the historic streamflow from Bear Creek plus the
surface-water withdrawals, which were less than 1 cubic foot per second from

January 1953

through December 1982. Unregulated streamflow of Bear Creek
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for June 1956 through September 1976 was computed using a MOVE.1 regression
equation, which was discussed previously.

Synthesized unregulated streamflow of the James River at the State line
for January 1953 through May 1956 was computed using the following equation:

Qu-st1 = Qu-1a(1.05)+0y, if Q,_;5 < 100 cubic feet per second; (13)

Qy-15(1.05)+0,_ 15(-0.057+(5.70) (10-4) (Qy- 14) )+Qy, if

100 cubic feet per second £ Qy-j5 £ 400 cubic feet
per second; and
Qy-14(1.22)4Q,, if Qy.15 > 400 cubic feet per second;

where
Qu-13 = unregulated streamflow of the James River at LaMoure.

Equation 13, used to compute the unregulated streamflow of the James River
at the State line, was based on the same hydrologic assumptions used to
develop the historic streamflow at the State line (equation 7).

South Dakota Gaging Stations

James River at Columbia.--In theory, the synthesized unregulated
streamflow of the James River at Columbia, S.Dak., can be computed by elimi-
nating the regulation effects of Sand Lake National Wildlife Refuge (pl. 1).
The unregulated streamflow was computed using the following water-balance
equation:

0u_c = 0u_st]+(0h_c"0h_st7)+$-PA+EA+U+0w, (14)

where
Qy-c = unregulated streamflow at the Columbia gage,

Qu-st] = unregulated streamflow at the State line gage,
Qp-c = historic streamflow at the Columbia gage,
Qp-st7 = historic streamflow at the State line gage,

S = the net change in storage in Sand Lake and Mud Lake (+ = gain

and - = loss),

precipitation gain to Sand Lake and Mud Lake,

reservoir-surface area,

evaporation l1oss from Sand Lake and Mud Lake,

unaccounted-for gain or loss in Sand Lake and Mud Lake (+ = gain

and - = loss), and

Qy = surface-water withdrawals between the State line and the
Columbia gage.

A discussion of the sources of precipitation and evaporation data and how
the change in storage was computed is included in supplement 4. The
unaccounted-for gains or losses were generated in a mass-balance com-
putation, which also is discussed in supplement 4.

<TSmMmMXxo
oo

Computation of synthesized unregulated streamflow of the James River at
the Columbia gage using equation 14 resulted in several occurrences of
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negative streamflows. Negative streamflows were not surprising considering
the unaccounted-for gains and losses that were computed. Although the total
mass balance was 13,600 acre-feet for the 30-year period 1953-82, errors
ranged from an unaccounted gain of 48,747 acre-feet in 1962 to an unac-
counted loss of 59,854 acre-feet in 1966. Numerous sources of error could
contribute to the large unaccounted-for gains or losses. Sources of error
include, but are not limited to: (1) The use of synthetic streamflow data
at the State line due to the absence of historic (regulated) streamflow
data; (2) errors associated with the area-capacity curves for Sand Lake and
Mud Lake; (3) errors associated with historic lake-level data that would
affect all estimates that are a function of lake-surface area; and (4)
errors associated with historic streamflow of the James River at Columbia,
especially when the river was in a reverse flow condition and when the river
was at high stages.

Due to the problems associated with computing the unregulated streamflow
of the James River at Columbia using equation 14, an alternate approach was
selected. Synthesized unregulated streamflow of the James River at Columbia
was computed by applying the drainage-area ratio method to the unregulated
streamflow of the James River at the State line. The drainage-area ratio
between the State line and Columbia is 1.15. However, this ratio probably
does not apply for the entire range of flows that occur on the James River.
Assuming the basin characteristics between the State 1ine and Columbia prior
to development of Sand Lake National Wildlife Refuge were similar to basin
characteristics of the James River downstream of Columbia, the river prob-
ably gains little water and the river may even lose water during low-flow
conditions (Benson, 1983). Contributing drainage area of the James River
between the State 1ine and Columbia probably increases at the time of large
runoff because depressional storage has been filled as a result of excess
runoff. Because of the hydrologic characteristics, a variable drainage-area
ratio was developed to compute synthesized unregulated streamflow of the
James River at Columbia.

The 25-percent quartile (8.5 cubic feet per second) and the 75-percent
quartile (67.7 cubic feet per second) statistics were computed for the
unregulated streamflow of the James River at the State 1ine. Analysis of
streamflow records indicates that when streamflow at Columbia is less than
8.5 cubic feet per second the contribution from the intervening drainage
area between the State 1ine and Columbia is minimal. When the streamflow is
greater than 67.7 cubic feet per second, the intervening drainage area is
contributing runoff to the James River. Synthesized unregulated streamflows
of the James River at Columbia were computed by using the following
equation:

Qu-st1s if Qu_st7 < 8.5 cubic feet per second; (15)

Qu-st1+Qy-st1(-0.0215+(2.53) (10~3) (Qy-s¢7)), if

8.5 cubic feet per second < Qy-st7 £ 67.7 cubic
feet per second; and
Qu-st1(1.15), if Qy-s¢7 > 67.7 cubic feet per second.

Qu-¢
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In March 1960, June 1964, and March 1978 the streamflow of the James River
at Columbia was negative (reverse flow; supplement 1). Unregulated
streamflow was set at zero in these months.

James River near Stratford.--Synthesized unregulated streamflow for the
James River near Stratford was computed by using the following equation:

Qu-str = Qu-c+(Ch-str-0n-c)+Ma+Qy, (16)
where
Qu-str = unregulated streamflow near Stratford,
Qu-¢c = unregulated streamflow at Columbia,
Op-str = historic streamflow near Stratford,
Op-¢c = historic streamflow at Columbia,

Mz = municipal withdrawals by the city of Aberdeen, and
Qy = surface-water withdrawals between Columbia and Stratford.

Use of equation 16 resulted in negative unregulated streamflows for 21
months of the 30-year study. However, inspection of the streamflow data
revealed that, in all instances, the historic stream loss in the reach
(Columbia to Stratford) exceeded the unregulated streamflow at Columbia.
Reach losses (Qp-st-Qp-¢) occur primarily in the spring when the main chan-
nel does not have the capacity to convey the snowmelt runoff. At this time,
flow overtops the natural levee ridge and enters the overbanks. Much of the
flow becomes trapped on the overbanks and is lost to evapotranspiration.
Unregulated flow was set at zero for the 21 months that had a negative
unregulated streamflow.

James River at Ashton.--Synthesized unregulated streamflow of the James
River at Ashton was computed by using the following equation:

Qu-a = Qu-str+(Qh-a-0p-str)+0y, (17)
where
Qu-a = unregulated streamflow at Ashton,
Qu-str = unregulated streamflow near Stratford,
Qh-a = historic streamflow at Ashton,
Qh-str = historic streamflow near Stratford, and
Qy = surface-water withdrawals between Stratford and Ashton.

There were 4 months when the unregulated streamflow at Ashton was negative.
Streamflow during these 4 months was set at zero.
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James River near Redfield.--Synthesized unregulated streamflow of the
James River near Redfield was computed by using the following equation:

Qu-r = Qu-a*+(0h-r-0p-a)+0y> (18)
where
Qu-r = unregulated streamflow near Redfield,
Qu-4 = unregulated streamflow ét Ashton,
Qp-r = historic streamflow near Redfield,
Qp-g = historic streamflow at Ashton, and

Qu = irrigation withdrawals between Redfield and Ashton.

There were 4 months when the unregulated streamflow near Redfield was negative.
Streamflow during these 4 months was set at zero.

James River at Huron.--Synthesized unregulated monthly streamfliow of the
James River at Huron was computed by using the following equation:

Qu-h = Qu-r+(Qn-p-Ch-r)+M+Qy, (19)

where
Qu-p = unregulated streamflow at Huron,

Qu-r = unregulated streamflow near Redfield,

Qp-p = historic streamflow at Huron,

Qp-r = historic streamflow near Redfield,
M = municipal withdrawals by the city of Huron, and
Qy = irrigation withdrawals.

A negative unregulated streamflow at Huron occurred during 3 months.
Streamflow during these 3 months was set at zero.

James River near Forestburg.--Synthesized unregulated monthly streamflow
of the James River near Forestburg was computed by using the following
equation:

Qu-f = Qu-p*(Qh-£-Ch-n)+Qy> (20)
where
Qu-f = unregulated streamflow near Forestburg,
Qu-p = unregulated streamflow at Huron,
OQp-f = historic streamflow near Forestburg,
Qp-p = historic streamflow at Huron, and

Qy = surface-water withdrawals between Huron and Forestburg.

A negative unregulated streamflow occurred during 5 months. Streamflow
during these 5 months was set at zero.
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James River near Mitchell.--Synthesized unregulated streamflow of the
James River near Mitchell was computed by using the following equation:

Qu-m = Qu-r+(Qp-m~Qp-£)+M+Qy-W, (21)

where
Qu-m = unregulated monthly streamflow near Mitchell,

Qu-f = unregulated monthly streamflow near Forestburg,
Qp-m = historic monthly streamflow near Mitchell,

Qp-f = historic monthly streamflow near Forestburg,
M = municipal withdrawals from the James River via Lake Mitchell,
Qy = irrigation withdrawals between Forestburg and Mitchell, and
W = wastewater returns from city of Mitchell.

A negative unregulated streamflow at Mitchell occurred during 4 months.
Streamflow was set at zero during these 4 months.

James River near Scotland.--Synthesized unregulated monthly streamflow
of the James River near Scotland was computed by using the following
equation:

Qu-sc = Qu-nr+(Qn-sc-Ch-m)+Qws (22)
where
Qy-sc = unregulated streamflow near Scotland,
Qu-m = unregulated streamflow near Mitchell,
Qp-sc = historic streamflow near Scotland,
Qp-m = historic streamflow near Mitchell,
Qy = irrigation withdrawals between Mitchell and Scotland.

A negative unregulated streamflow occurred during 1 month, and this value
was set at zero.

COMPARISON OF HISTORIC AND SYNTHESIZED UNREGULATED STREAMFLOWS

Mean annual historic (regulated) streamflow of the James River at
Jamestown is about 7,000 acre-feet less than the synthesized mean annual
unregulated streamflow. Year-to-year variability of the annual historic
streamflow and the annual unregulated streamflow is shown in figure 1.
Annual unregulated streamflow ranged from 35,900 acre-feet greater than the
annual historic streamflow to 9,700 acre-feet less than the annual historic
streamflow. The difference between the annual historic streamflow and the
annual unregulated streamflow can be attributed to four factors: (1) Actual
difference between the historic and unregulated streamfiow, (2) random
variability associated with the MOVE.1 equation used to compute the synthe-
sized unregulated streamflow, (3) errors associated with the input data used
in the water-balance model, and (4) errors in computation of the historic
streamflow of the James River.

24



‘Z8-€G6L ‘BI0MNB( YHON ‘UMOISBWE JB I3AIY SAWEL 9Y} JO MO[jwealls paleinbBaiun pazisayiuAs pue 51101siy jenuuy—-| ainbiy

286l LL6) cl6l L961 2961 LS6l csel

T T, .

P

< 00!

1 ocl

A O U S UV U N N S O N SN N N

- ovl

Q3LVIN9IYNN EA
JI¥OLSIH [
i - 091

- 08l

L | | | | | | QQN

25

1334-340V 40 SANVSNOHL NI “39¥VHISIA



Monthly variability of streamflow on the James River at Jamestown is
shown in figure 2. Historic streamflow is less than unregulated streamflow
in March, April, and May, when water from spring runoff typically is being
stored in Jamestown Reservoir. Historic streamflow is greater than unregu-
lated streamflow from June through February, when water stored during spring
runoff is released gradually throughout the summer, fall, and winter.
Comparison of unregulated and historic streamflow at gaging stations
downstream of the James River at Jamestown would exhibit the same hydrologic
regimen. As previously mentioned, no traveltime was used in the development
of unregulated streamflows; thus, the difference between the historic and
unregulated streamflows would be almost identical to the difference at the
James River at Jamestown gage.

CLIMATOLOGY OF THE JAMES RIVER BASIN

Annual Statistics

The Garrison Diversion Unit Monthly Operations Model was used to simu-
late a range of hydrologic conditions expected to occur during the operation
of the Garrison Diversion Unit. In order to ensure that simulations repre-
sent a range of hydrologic conditions that might occur, the streamflow
selected for input to the model must be selected for a period that repre-
sents a wide range of climatic conditions. Thus, the climate of the 30-year
data-development period was compared to the period of record, which ranges
from 53 to 102 years, at six meteorologic stations in the James River basin.

The climate of the James River basin can be defined by mean values of
meteorologic variables, but the means are only one indicator of climate as a
dynamic entity. Longley (1972) defined climate as "***the long-term mani-
festation of weather in all forms." Stockton and Boggess (1979) defined
climate state as "***the average of a complete set of atmospheric,
hydrospheric, and cryospheric variables over a specified period of time--of
considerable longer life span than individual synoptic weather systems--in a
specified domain of the earth-atmosphere system." Stockton and Boggess
(1979) defined climatic variation as "***the difference between climatic
states of the same kind, for example, between two winters or two decades."

On the basis of these climate definitions, data collected at six
meteorologic stations were used to describe the climate and climate vari-
ability in the James River basin. The period of record for each meteoro-
logic station is listed in table 8. The yearly ranges in temperature and
precipitation depict the truly continental climate of the James River basin.
The difference between the maximum and minimum annual mean temperatures for
the period of record at each station ranges from 8.0 °F at Menno to 11.4 °F
at Aberdeen. Also, there is about a 9 °F difference in the normal annual
temperature between Carrington, in the northern part of the basin, and
Menno, in the southern part of the basin (U.S. Department of Commerce,
National Oceanic and Atmospheric Administration, Environmental Data Service,
1982).
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Table 8.--Climatologic data for six meteorologic stations in the

James River basin

Period of
Station name record Year Maximum Year Minimum Normal!

Annual mean temperature, in degrees Fahrenheit

Carrington, N.Dak. 1930-82 1931 43.1 1950 34.4 38.7
Jamestown, N.Dak. 1893-1982 1981 44.9 1916 36.0 40.4
Oakes, N.Dak. 1930-82 1931 46.3 1950 37.1 40.9
Aberdeen, S.Dak. 1896-1982 1931 49,7 1916 38.3 43.0
Huron, S.Dak. 1881-1982 1931 50.0 1916 41.2 44,7
Menno, S.Dak. 1896-1982 1931 51.8 1961 43.8 47.6

Annual precipitation, in inches

Carrington, N.Dak. 1930-82 1964 26.3 1936 6.52 18.18
Jamestown, N.Dak. 1892-1982 1962 29.8 1936 6.91 18.12

Oakes, N.Dak. 1930-82 1960 29.6 1971 7.73 19.74
Aberdeen, S.Dak. 1890-1982 1896 38.4 1976 7.88 17.79
Huron, S.Dak. 1881-1982 1962 31.7 1952 9.72 18.66
Menno, S.Dak. 1896-1982 1944 38.9 1980 11.40 23.40

1U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, Environmental Data Service, 1982.

Annual precipitation in the James River basin varies greatly from year
to year. The difference between maximum annual precipitation and minimum
annual precipitation for the period of record ranges from 19.8 inches at
Carrington to 30.5 inches at Aberdeen (table 8). Minimum annual precipi-
tation for the period of record ranges from 36 percent of the normal at
Carrington to 52 percent at Huron. Maximum annual precipitation for the
period of record ranges from 145 percent of the normal at Carrington to 216
percent at Aberdeen. The large difference between maximum and minimum
annual precipitation is characteristic of a dry continental climate.

Mean annual runoff of the James River at Jamestown is equal to a depth
of only 0.72 inch for the entire 1,170-square-mile contributing drainage
area upstream of Jamestown. Mean annual runoff is equal to about 4 percent
of the mean annual precipitation; therefore, relatively small variations in
the timing and quantity of precipitation throughout the year can result in
relatively large changes in annual runoff.
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Monthly Climate Statistics

A 58 °F to 64 °F range in mean monthly temperature occurs at all six
meteorologic stations in the James River basin for the period of record
(table 9); January is the coldest month, and July is the warmest. As
expected, mean monthly temperatures increase from north to south in the
basin., Year-to-year variation for a given month is greatest in the winter
months. The standard deviation of mean monthly temperatures during December
through February ranges from 5 °F to 7.8 °F. The large variation in mean
monthly temperatures is caused by the large variation in temperatures of the
different air masses that dominate from year to year during the winter
months. As an example, in a cold winter, the source region for the dominant
arctic air mass would be the Mackenzie valley in northern Canada; but in a
mild winter, the dominant air mass would be cool marine air from the North
Pacific.

Mean monthly temperatures in the summer have much less change from
year to year than in the winter. The standard deviation of the mean July
and August temperatures ranges from 2.6 °F to 3.4 °F at the six meteorologic
stations (table 9). Therefore, about 66 percent of the time, the mean tem-
perature during July and August will be within +3 °F of the mean temperature
for the respective month.

Monthly precipitation characteristics are typical of the relatively dry
continental climate of the James River basin. Winter months receive little
precipitation; and, in an absolute sense, little year-to-year variability.
Precipitation increases markedly in April and May. About 70 percent of the
precipitation occurs during the months April through August, and great
variability can occur during these months (table 10).

Growing-Season Climate Statistics

Monthly temperature and precipitation data were summed by growing season
(April through August) for the period of record. These data provide an
indication of the demand for irrigation water and the availability of water
to sustain streamflow during the summer. Box plots, as outlined by Tukey
(1977), were selected as the graphical technique to present the growing-
season temperature and precipitation data (figs. 3-8). The graph depicts a
six-number summary for each variable, by decade, that consists of the mini-
mum and maximum values, the median, the mean, and the 25- and 75-percent
quartiles.

Figures 3-8 depict the box plots of average growing-season temperature
by decade. The upper end of the box represents the 75-percent quartile and
the lower end of the box represents the 25-percent quartile. The box covers
the middle 50 percent of the data. The solid line represents the median,
and the dashed line is the mean. Maximum and minimum values for a particu-
1;; decade are the end points of the vertical lines attached to the box.

At the four stations where data were recorded for 1900-29, the mean

growing-season temperatures were relatively cool during the three decades,
except at Aberdeen during 1920-29 (figs. 4, 6, 7, and 8). Relatively warm
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Table 9.--Mean monthly temperature and standard deviation for the period of record for six

meteorologic stations in the James River basin

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Carrington, N.Dak. (period of record 1930-82)

Mean temperature, in 5.0 10.1 22.8 39.9 53.0 62.6 69.0 66.7 55.8 44.4 26.3 12.8
degrees Fahrenheit
Standard deviation 7.8 7.5 6.1 4.3 3.9 3.0 2.8 2.6 3.2 3.8 4.9 5.8

Jamestown, N.Dak. (period of record 1893-1982)

Mean temperature, in 7.1 11.6 25.3 42.4 54.8 64.2 70.2 68.2 57.6 45.6 27.8 14.4
degrees Fahrenheit
Standard deviation 7.6 7.2 5.9 4.5 3.8 3.1 3.0 3.3 3.5 4.2 5.9 6.3

Oakes, N.Dak. (period of record 1930-82)

Mean temperature, in 6.7 12.3 25.9 42.4 55.4 65.1 71.4 69.5 58.5 46.5 28.7 14.9
degrees Fahrenheit
Standard deviation 7.6 7.3 5.8 4.0 4.1 3.2 3.2 2.6 3.3 3.5 4.2 5.7

Aberdeen, S.Dak. (period of record 1896-1982)

Mean temperature, in 10.0 14.8 28.6 45.0 56.8 66.2 72.5 70.4 60.1 47.4 30.4 16.7
degrees Fahrenheit
Standard deviation 7.2 7.3 6.2 3.8 3.8 3.4 3.3 3.2 3.4 3.9 5.0 5.8

Huron, S.Dak. (period of record 1881-1982)

Mean temperature, in 12.2 16.7 30.0 46.0 57.1 67.2 73.4 71.3 61.3 48.7 32.0 19.4
degrees Fahrenheit
Standard deviation 7.5 7.1 5.8 3.8 3.7 3.2 3.4 2.9 3.3 3.8 4.5 5.6

Menno, S.Dak. (period of record 1896-1982)

Mean temperature, in 16.6 21.2 33.4 48.4 59.6 69.2 75.0 72.9 63.7 51.6 35.0 22.2
degrees Fahrenheit
Standard deviation 6.9 6.7 6.0 3.8 3.4 3.4 3.4 3.0 3.3 3.8 4.2 5.0
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Table 10.--Mean monthly precipitation and standard deviation for the period of record for six

meteorologic stations in the James River basin

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Carrington, N.Dak. (period of record 1930-82)
Mean precipitation, 0.54 0.49 0.75 1.48 2.36 3.62 2.67 1.99 1.58 1.20 0.63 0.46
in inches
Standard deviation .50 .40 .56 1.13 1.34 1.8 1.68 1.37 1.23 1.12 .58 .34
Jamestown, N.Dak. (period of record 1892-1982)
Mean precipitation, .48 .51 .81 1.63 2.46 3.56 2.89 2.34 1.62 1.14 .61 .53
in inches
Standard deviation .39 .43 .63 1.17 1.60 1.92 1.68 1.61 1.36 .97 .61 .39
Oakes, N.Dak. (period of record 1930-82)
Mean precipitation, .55 .60 .90 1.96 2.50 3.55 2.44 2.26 1.64 1.24 71 .51
in inches
Standard deviation .45 .49 .71 1,18 1.41 2.11 1.51 1.93 1.32 1.00 .62 .35
Aberdeen, S.Dak. (perfod of record 1890-1982)
Mean precipitation, .67 .72 1.34 2.41 2.8 3.72 2.83 2.43 1.7 1.41 .79 .63
in inches .
Standard deviation .73 .65 1.15 1.66 1.99 2.23 1.58 1.73 1.27 1.07 .78 .70
Huron, S.Dak. (period of record 1881-1982)
Mean precipitation, .52 .59 1.07 2.09 2.71 3.41 2.55 2.22 1.57 1.35 .64 .52
in inches
Standard deviation .54 .52 .82 1.42 1.66 2.06 1.52 1.52 1.12 1.11 .63 .47
Menno, S.Dak. (period of record 1896-1982)
Mean precipitation, .55 .78 1.33 2,17 3.45 3.99 3.07 2.87 2.36 1.56 .93 .67
in inches
Standard deviation .49 .61 .91 1.17 2.01 1.97 1.91 1.78 1.51 1.25 .81 .54

31



66

64

62

60

58

56

TEMPERATURE,
IN DEGREES FAHRENHEIT

54

52

50

30
28

22
20
18
16
4
12

PRECIPITATION, IN INCHES

oONO

Figure 3.—Growing-season (April-August) temperature and precipitation

26 +

[ :

A | | 1 1

1930-30 1940-49 1960-69 1960-60 1970-79
TIME, IN DECADES

EXPLANATION

MAXIMUM
75TH PERCENTILE
MEDIAN
MEAN—Where no dashed
25TH PERCENTILE line is shown, mean

MINIMUM equals median

for 10-year periods at Carringtion, North Dakota.

32



TEMPERATURE,
IN DEGREES FAHRENHEIT

PRECIPITATION, IN INCHES

68
66
64
62
60
58
56
54
52
30
28
26
24
22
20
18
16

4
12

-
ONBOOT®O

LI L

5 78§

1 1 i 1 1 1 1 1

1900-09 1910-19 1920-20 1930-30 1940-49 1950-60 1960-69 1970-79
TIME, IN DECADES

EXPLANATION

MAXIMUM
76TH PERCENTILE

MEDIAN
MEAN—Where no dashed

25THPERCENTILE line is shown, mean
MINIMUM equals median

Figure 4.—Growing-season (April-August) temperature and precipitation
for 10-year periods at Jamestown, North Dakota.

33



TEMPERATURE,
IN DEGREES FAHRENHEIT

Figure 5.—Growing-season (April-August) temperature and precipitation

PRECIPITATION, IN INCHES

68 T T T T T

64

58

56

54 |

30 T T T T I

28
26
24
22
20 +
18
16

"
12 H

-
ON & OO
I

| R I T NN I S W |

1830-39 1940-49 1960-59 1960-89 1970-79
TIME, IN DECADES
EXPLANATION

MAXiMUM
75TH PERCENTILE

MEDIAN

MEAN-—-Where no dashed

25TH PERCENTILE line is shown,
MINIMUM equais median

for 10-year periods at Oakes, North Dakota.

34

mean



=
Ll
Z
L
gh":’
b
Tl
o
wwn
o Ll
= B
Ho
L)
a
4

PRECIPITATION, IN INCHES

74
72
70
68
66
64
62
60
58

56

32
30
28
26

22
20
18
16
14
12

-t
N, O

1 I L L ! I 1 I |
1 1 i 1 1 1 1 1 I
I T T Ll 1 I ! I L1
- ~

1 } 1 1 1 1 1 1 1

1890-99 1800-09 1910-19 1920-29 1830-39 1940-49 1950-59 1960-69 1870-79

TIME, IN DECADES

EXPLANATION

MAXIMUM
75TH PERCENTILE
MEDIAN
MEAN--Where no dashed
25TH PERCENTILE line is shown, mean
MINIMUM equels median

Figure 6.—Growing-season (April-August) temperature and precipitation
for 10-year periods at Aberdeen, South Dakota.

35



TEMPERATURE,
IN DEGREES FAHRENHEIT

PRECIPITATION, IN INCHES

70

64

62

60

58

56

30
28
26
24
22
20
18
16
4
12

e
ON+OOOO

1 1 i 1 1 1 1 i 1

1890-99 1900-09 1910-19 1920-29 1930-39 1940-49 1960-69 1960-89 197079
TIME, IN DECADES

EXPLANATION

MAXIMUM
75TH PERCENTILE
MEDIAN
MEAN—Where no dashed
25TH PERCENTILE line is shown, mean

MINIMUM equals median

Figure 7.—Growing-season (April-August) temperature and precipitation
for 10-year periods at Huron, South Dakota.

36




TEMPERATURE,
IN DEGREES FAHRENHEIT

PRECIPITATION, IN INCHES

72

70

64

62

60

58

34
32
30
28
26

22
20
18
16
14
12
10

=

1 } 1 1 1 | 1 |

1900-00 1910-19 1920-20 1930-39 1940-49 1960-60 1960-69 170-79
TIME, IN DECADES

EXPLANATION

MAXIMUM
75TH PERCENTILE

MEDIAN
MEAN—Where no dashed

25TH PERCENTILE line is shown, mean
MINIMUM equals median

Figure 8.—Growing-season (April-August) temperature and precipitation

for 10-year periods at Menno, South Dakota.

37




growing-season temperatures occurred during 1930-39 (figs. 3-8). The decade
1930-39 can be characterized as having minimal variability in mean growing-
season temperature, especially at Carrington and Jamestown, which are
located in the northern part of the James River basin. Following 1930-39,
growing-season temperatures decreased in 1940-49 at all stations in the
James River basin. Mean growing-season temperatures remained about average
during 1950-59 and 1960-69; but in general more variability occurred during
1960-69. Mean growing-season temperatures increased at all stations during
1970-79, and at Jamestown they exceeded those of 1930-39.

The decade 1890-99 may have been a relatively wet decade, but precipita-
tion data are available only for Aberdeen (fig. 6). Relatively abundant
rainfall occurred in the James River basin during 1900-29 and especially in
1900-09 (figs. 4, 6, 7, and 8). During 1900-09, the wettest decade from
1900 through 1980, the mean growing-season precipitation was at least 3.8
inches greater than during 1930-39 at four stations in the James River
basin. The decade 1910-19 is characterized by a large range in growing-
season precipitation. At Jamestown, the second largest (20.99 inches) and
the second smallest (5.17 inches) growing-season precipitation totals were
recorded. Although the annual growing-season precipitation decreased during
1920-29, it is still equal to or greater than any decade since 1930-39,
except at Aberdeen and Menno during 1940-49 and Menno during 1960-69.

The minimum mean growing-season precipitation at five of the six
meteorologic stations in the James River basin occurred during 1930-39. The
minimum mean growing-season precipitation at Aberdeen occurred during
1970-79. The driest year on record at Carrington and Jamestown was 1936,
when less than 4 inches of precipitation was recorded during the growing
season. At all other locations except Menno, the growing-season precipita-
tion was less than 8.5 inches in 1936.

The annual mean growing-season precipitation was about average during
the decades 1940-49 and 1950-59. The annual growing-season variability was
not abnormally large during 1940-49 and 1950-59, except at Menno. At Menno
the growing-season precipitation ranged from 9.0 to 32.2 inches during
1940-49. The decade 1960-69 was relatively wet, as the annual growing-
season precipitation was greater than 7.5 inches in all years. Following
the moist growing seasons of 1960-69, 1970-79 indicated a return to drier
years (figs. 3-8). The 1970-79 decade ranks as the second driest for the
period of record at five of the six stations. At Aberdeen, the minimum mean
growing-season precipitation was recorded during 1970-79 (fig. 6). The
1970-79 decade was not without variability, the third greatest annual
growing-season precipitation (22.4 inches) and the minimum annual growing-
season precipitation (3.93 inches) for 1930-82 were recorded at Oakes.

No discharge data are available in the James River basin prior to
September 1928, but Hoyt and Langbein (1944) and Julian (1970) indicated
that greater-than-normal precipitation and runoff occurred throughout most
of the United States in the early 1900's. Stockton and Boggess (1979)
pointed out that greater-than-normal precipitation resulted in an increase
in discharge on the Colorado River and the Rio Grande River during the early
1900's. Thus, indirect evidence suggests that discharge of the James River
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in North Dakota and South Dakota probably was greater than normal during the
early 1900's,

Test for Trends in Temperature and Precipitation Data

Statistical analyses were used to determine if there are any trends in
the climatologic data with time. If changes in climatic variables have
occurred, then corresponding changes in runoff and the demand for irrigation
water also may have occurred. Of course, the possibility exists that runoff
characteristics may have changed regardless of climatic variables.

The Kendall's Tau (Kendall, 1975), as modified by Hirsch and others
(1982), was used to test for trends in the climatic record. The null
hypothesis for Kendall's Tau is that the data are random samples independent
of time. Smith and others (1982) have outlined the procedure as follows:

The only necessary background assumption is that the random
variable is independent and identically distributed (with any
distribution). In this test, all possible pairs of data values
are compared; if the later value (in time) is higher, a plus is
scored; if the later value is lower, a minus is scored. If there
is no trend in the data, the odds are 50-50 that a value is
higher (or lower) than one of its predecessors. In the absence
of a trend, the number of pluses should be about the same as the
number of minuses. If, however, there are many more pluses than
minuses, the values later in the series are more frequently higher
than those earlier in the series, and so an uptrend is likely.
Similarly, if there are many more minuses than pluses, a
downtrend is likely.

A trend from one month to the next may not be detected when variables
such as temperature and precipitation have a seasonal cycle. Seasonal
cycles can confound the detection of trends. Hirsch (1982) provides a deri-
vation of the Kendall Tau test called the Seasonal Kendall Tau that can be
used to compare the corresponding months of a year for a series of years.

As a result, this test avoids problems associated with seasonality in the
data.

The Seasonal Kendall Tau test was chosen to aid in answering two
questions: (1) Has there been a change in either growing-season temperature
or precipitation during the period of record; and (2) has there been a
change in either variable during the data-development period (1953-82)?

The trend test for the period of record for the two climatic variables,
temperature and precipitation, is shown in table 11. The value of tau for
growing-season temperature is negative at Carrington and Oakes and positive
at the other four locations. The upward trend at Jamestown, Huron, and
Menno is significant at the 10-percent (two-sided) significance level. The
upward trend at Aberdeen is not significant. The downward trend is signifi-
cant at Carrington. The magnitude of the small upward trend in growing-
season temperature at Huron and Menno is 0.027 °F per month. At Jamestown,
the small upward trend in growing-season temperature is 0.035 °F per month.
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Table 11.--Trend analysis for growing-season temperature and precipitation data for the

period of record at six meteorologic stations in the James River basin

[The p-level value associated with an observed value of a test statistic is the smallest level of
significance that would have allowed the null hypothesis to be rejected]

Temperature Precipitation
Slope Stope
Period of Kendal's p- (°F per Period of Kendal's p- {inches
Location record Tau level month) record Tau level per month)

Carrington, N.Dak. 1930-82 -0.10 0.035 -0.029 1930-82 0.016 0.706 0.002
Jamestown, N.Dak. 1893-1982 .18 .000 .035 1892-1982 -.027 .407 -.002
Oakes, N.Dak. 1930-82 -.047 .324 -.0149 1930-82 -.045 .292 -.005
Aberdeen, S.Dak. 1896-1982 .054 .139 .010 1890-1982 -.153 .000 -.014
Huron, S.Dak. 1881-1982 .164 .000 .027 1881-1982 -.089 .003 -.014
Menno, S.Dak. 1896-1982 .140 .000 .027 1896-1982 -.044 .178 -.004

At all stations except Carrington, the value of tau for growing-season
precipitation is negative (suggesting a downward trend). The downward trend
is significant at the 10-percent (two-sided) significance level at Aberdeen
and Huron. Although a significant downward trend in growing-season precipi-
tation exists at Aberdeen and Huron, the magnitude of the trend is relatively
small (0.014 inch per month).

Trend analysis of growing-season temperature and precipitation data for
the data-development period (1953-82) is summarized in table 12. At all
stations except Huron, the value of tau for growing-season temperature is
positive (suggesting a slight upward trend). The value of tau is not
significant at the 10-percent (two-sided) significance level at any of the
stations. The magnitude of the upward trend in growing-season temperature
ranges from 0.014 °F per month at Menno to 0.049 °F per month at Oakes. The
upward trend in temperature probably was caused by the warm growing seasons
in 1970-79.

At all six stations, the value of tau for growing-season precipitation
is negative (suggesting a slight downward trend). The value of tau is
significant at the 10-percent (two-sided) significance level at Carrington,
Oakes, and Aberdeen. The magnitude of the downward trend ranged from -0.004
inch per month at Huron to -0.033 inch per month at Oakes.
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Table:lZ.-—Trend analysis for growing-season temperature and precipitation data for the

data-development period at six meteorologic stations in the James River basin

[The p-level value associated with an observed value of a test statistic is the smallest
level of significance that would have allowed the null hypothesis to be rejected]

Temperature Precipitation
Slope Slope
Period of Kendal's p- (°F per Kendal's p- (inches
Location record Tau level month) Tau level per month)

Carrington, N.Dak. 1953-82 0.029 0.662 0.018 -0.096 0.097 -0.022
Jamestown, N.Dak. 1953-82 .073 .261 .045 -.095 .102 -.024
Oakes, N.Dak. 1953-82 .101 .120 .049 -.147 .011 -.033
Aberdeen, S.Dak. 1953-82 .086 .184 .045 -.095 .100 -.017
Huron, S.Dak. 1953-82 -.042 .520 -.022 -.023 .690 -.004
Menno, S.Dak. 1953-82 .028 .675 .014 -.048 .411 -.013

SUMMARY AND CONCLUSIONS

Historic streamflow data were compiled and record extension techniques
were used, where necessary, to develop monthly streamflows for 1953 through
1982 (data-development period) for 13 gaging stations on the James River in
North Dakota and South Dakota. Four gaging stations on the James River were
not in operation at times during 1953-82. Record extension techniques were
used to compute the synthesized historic streamflow for these four stations.
The Maintenance of Variance Extension Type 1 (MOVE.1) technique was used to
compute the synthesized historic streamflow of the James River near Grace
City for January 1953 through May 1968. The drainage-area ratio technique
was used to compute the historic streamfiow of the James River near Pingree
for October 1968 through December 1982. Ordinary Least Squares (OLS)
regression was used to compute the historic streamflow record of the James
River at Stratford for October 1972 through December 1982, and OLS
regression was used to compute the historic streamflow of the James River at
Mitchell for January 1953 through June 1953, October 1958 through July 1965,
and for October 1972 through December 1982.

Only 2 years (1982-83) of historic streamflow data were available for
the James River at the North Dakota-South Dakcta State line; therefore,
regression techniques could not be used with any degree of confidence to
compute the historic streamflow for January 1953 through December 1982.

On the basis of hydrologic basin characteristics downstream of LaMoure, the
historic streamflow of the James River at the State line was computed by
summing the streamflow of the James River at LaMoure, Bear Creek near Oakes,
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and the streamflow from the intervening contributing drainage area between
LaMoure and the State line. The streamflow from the intervening contrib-
uting drainage area is based on a linear function of the streamflow at
LaMoure.

Synthesized unregulated streamflow for the gaging stations was computed
by removing the effects of Jamestown Reservoir, Pipestem Reservoir, Sand
Lake National Wildlife Refuge, and the consumptive surface-water withdrawals
such as irrigation, municipal use, and industrial use. The unregulated
streamflow of the James River near Pingree and near Grace City, upstream of
Jamestown Reservoir, is equal to the historic streamflow plus minor surface-
water withdrawals from the James River.

Synthesized unregulated streamflow of the James River at Jamestown for
January 1953 through September 1968 was computed using the drainage-area
ratio technique. Synthesized unregulated streamflow of the James River for
October 1968 through December 1982 was computed using a MOVE.1 equation, but
adjustments were made to monthly streamflows in years when large differences
between estimates computed by the MOVE.1l equation and the water-balance pro-
cedures occurred.

Synthesized unregulated streamflow of the James River at LaMoure was
computed by subtracting the historic streamflow of the James River at
Jamestown from the historic streamflow at LaMoure, and adding the surface-
water withdrawals between Jamestown and LaMoure to the unregulated
streamflow of the James River at Jamestown.

Synthesized unregulated streamflow of the James River at the State line
for June 1956 through December 1982 was computed by summing the unregulated
discharge of Bear Creek near Oakes, the unregulated discharge of the James
River at LaMoure, the streamflow from the intervening contributing drainage
area between LaMoure and the State line, and the surface-water withdrawals
from the James River between LaMoure and the State line. The streamflow
from the intervening drainage area was computed as a function of the
streamflow at LaMoure.

Water-balance procedures were used to compute the unregulated streamflow
of the James River at Columbia. Although the water balance was within
13,600 acre-feet of balancing during the data-development period (1953-82),
individual year water-balance estimates ranged from an unaccounted-for gain
of about 48,700 acre-feet to an unaccounted-for loss of about 59,300 acre-
feet. Because of the large year-to-year variations in the unaccounted-for
gains and unaccounted-for losses, unregulated streamflow of the James River
at Columbia was computed by multiplying the unregulated streamflow at the
State line by the drainage-area ratio between the State line and Columbia
gages.

Synthesized unregulated streamflow of the James River at all locations
downstream of Columbia was computed by: (1) Subtracting the historic
streamflow at the nearest upstream station from the historic streamflow at
the station of interest (this difference equals the reach gain or loss), (2)
adding the value obtained in step 1 to the unregulated streamflow at the
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nearest upstream station, and (3) adding the surface-water withdrawals
between the nearest upstream station and the station of interest to the
value obtained in step 2.

Mean annual historic streamflow of the James River at Jamestown is about
7,000 acre-feet less than the synthesized mean annual unregulated streamflow.
Differences between the annual historic streamflow and annual unregulated
streamflow can be attributed to four factors: (1) Actual difference between
the historic and unregulated streamflow, (2) random variability associated
with the MOVE.1 equation used to compute the synthesized unregulated
streamflow at Jamestown, (3) errors associated with the input data used in
the water-balance procedure, and (4) errors in computation of the historic
streamflow of the James River at Jamestown. A comparison of the monthly
variability between historic and unregulated streamflow of the James River
at Jamestown indicates that historic streamflow is less than unregulated
streamflow during March, April, and May. During all other months, historic
streamflow is greater than unregulated streamflow because of the regulation
of Jamestown and Pipestem Reservoirs.

The climate during the data-development period (1953-82) was compared to
the 90-year climate record available at four of the six meteorologic sta-
tions in the James River basin to determine if the climate during 1953-82
was similar to the climate that has occurred during the last 90 years. The
difference between the maximum and minimum annual mean temperatures for the
period of record at each station ranges from 8.0 °F at Menno to 11.4 °F at
Aberdeen. About a 9 °F difference in the normal annual temperature exists
between Carrington in the northern part of the basin and Menno in the
southern part of the basin.

Annual precipitation varies greatly from year to year. Mean precipita-
tion in the James River basin has ranged from a minimum of 6.52 inches at
Carrington in 1936 to a maximum of 38.9 inches at Menno in 1944. Minimum
annual precipitation has ranged from 36 percent of normal at Carrington to
52 percent of normal at Huron. Maximum annual precipitation has ranged from
145 percent of normal at Carrington to 216 percent of normal at Aberdeen.
Mean annual runoff in the basin is equal to about 4 percent of the mean
annual precipitation (18 inches).

Summary statistics were computed for the growing-season temperature and
precipitation data collected at six meteorologic stations in the James River
basin. Growing-season temperatures were relatively cool during 1900-29.
Although large fluctuations of growing-season precipitation occurred during
1910-19, relatively abundant rainfall occurred in the James River basin
during 1900-29.

Growing-season temperatures for 1930-39 can be characterized as being
warm with little year-to-year variability. The minimum mean growing-season
precipitation at five of the six meteorologic stations in the James River
basin occurred during 1930-39. Growing-season precipitation at Carrington
and Jamestown was less than 4 inches in 1936, and was less than 8.5 inches
at the other four stations.
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Although still relatively dry, the mean annual growing-season tempera-
tures increased and the precipitation increased during 1940-49. Mean
growing-season temperatures remained about average during 1950-59. The mean
annual growing-season precipitation during 1940-49 was slightly less than
during 1950-59. The mean annual growing-season temperatures were about
average during 1960-69. The decade 1960-69 was relatively wet and 1970-79
was relatively dry, although not as dry as 1930-39.

The Kendall's Tau was used to test for trends in the climatic record.
At five of the six meteorologic stations a small downward trend (negative
value of tau) in growing-season precipitation for the period of record
occurs. The downward trend is significant at the 10-percent (two-sided)
significance level at Aberdeen and Huron, but the magnitude of the trend is
only 0.014 inch per month. A significant (10-percent, two-sided) upward
trend in growing-season temperature occurred at Jamestown, Huron, and Menno;
the upward trend in growing-season temperature at Aberdeen is not signifi-
cant. A small downward trend in growing-season temperature occurred at
Oakes and Carrington, and the trend is significant at Carrington.

Trend analysis of the climate variables for the data-development period
(1953-82) indicates a slight upward trend in growing-season temperature
at all stations except Huron. The upward trend in growing-season tem-
perature ranges from 0.014 °F per month at Menno to 0.049 °F per month at
Oakes. At all six stations, a slight downward trend in growing-season pre-
cipitation occurred. The magnitude of the downward trend ranged from
-0.004 inch per month at Huron to -0.033 inch per month at Oakes.

On the basis of the box plots and the trend tests of growing-season tem-
perature and precipitation, the climate of the James River basin was rather
cool and wet during 1900-29. 1In general, 1930-39 had hot and dry growing
seasons. The data-development period had several cool and wet growing
seasons during 1960-69 and several hot and dry growing seasons during
1970-79. Thus, the data-development period included a wide range of clima-
tic conditions; and, based on the analysis completed for this study, the
data-development period was not selected from an abnormally wet or abnor-
mally dry period. Therefore, based on the assumption that there is a posi-
tive correlation between runoff and precipitation, the streamflow compiled
and synthesized for the data-development period represents a range of
streamflows that might be expected to occur during relatively wet and dry
periods in the James River basin.
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82

Year Jan. Feb. Mar. Apr. May. June July Aug. Sept. Oct.

Nov.

Dec.

Surface-water withdrawals, in cubic feet per second, from the James River between

the headwaters

and Grace City gage

1953 0 0 0 0.02 0.03 0.03 0.05 0.05 0.03 0

1954 0 0 0 .02 .03 .03 .05 .05 .03 .02
1955 0 0 0 .02 .03 .03 .05 .05 .03 .02
1956 0 0 0 .02 .03 .03 .05 .05 .03 .02
1957 0 0 0 .02 .03 .03 .05 .05 .03 .02
1958 0 0 0 .02 .03 .03 .05 .05 .03 .02
1959 0 0 0 .02 .03 .03 .05 .05 .03 .02
1960 0 0 0 .02 .03 .03 .05 .05 .03 .02
1961 0 0 0 .02 .03 .03 .05 .05 .03 .02
1962 0 0 0 .02 .03 .03 .05 .05 .03 .02
1963 0 0 0 .05 .08 .10 .10 .10 .10 .02
1964 0 0 0 .05 .08 .10 .10 .10 .10 .08
1965 0 0 0 .13 .26 .28 .29 .29 .28 .08
1966 0 0 0 .07 .13 .15 .15 .15 .15 .26
1967 0 0 0 .07 .13 .15 .15 .15 .15 .13
1968 0 0 0 .07 .15 .15 .16 .16 .15 .13
1969 0 0 0 .07 .15 .15 .16 .16 .15 .13
1970 0 0 0 .08 .15 .17 .18 .18 17 .13
1971 0 0 0 .02 .03 .03 .05 .05 .03 .15
1972 0 0 0 .03 .06 .08 .10 .10 .08 .02
1973 0 0 0 .03 .05 .07 .06 .06 .07 .06
1974 0 0 0 .03 .05 .07 .06 .06 .07 .03
1975 0 0 0 .03 .05 .05 .06 .06 .05 .03
1976 0 0 0 .03 .05 .05 .06 .06 .05 .05
1977 0 0 0 .02 .16 .05 .18 .06 .17 .05
1978 0 0 0 .02 .03 .03 .05 .05 .03 .15
1979 0 0 0 .02 .03 .03 .05 .05 .03 .02
1980 0 0 0 .02 .03 .03 .05 .05 .03 .02
1981 0 0 0 .02 .03 .03 .05 .05 .03 .02
1982 0 0 0 .02 .03 .03 .07 .05 .03 .02
Mean 0 0 0 .03 .07 .07 .08 .08 .07 .06
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year

Jan.

Feb.

Mar.

Apr.

May June

July  Aug.

Sept.

Oct.

Nov.

Dec.

Surface-water withdrawals, in cubic feet per second, from the James River between the Pingree

1953
1954
1955
1956
1957

1958
1959
1960
1961
1962

1963
1964
1965
1966
1967

1968
1969
1970
1971
1972

1973
1974
1975
1976
1977

1978
1979
1980
1981
1982

Mean

(=R R = B = I = ] Ooocoo (=2~ = I = B ) O OO0 O0O [= 2 = I = = i ]

(=2 = = R~ I ]
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.31
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0
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.03
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gage and Jamestown gage

.32 0

.32

.30
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.03

.13 0.13
.13 .15
.13 .13
.03
.03

.03
.03
.03
.03
.03

.03
.02
.02
.02
.02

.02
.02
.02
.03
.03

.03
.03
.03
.07
.08

.05
.05
.13
.08
.17

.01 .05
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.32

.34
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.31
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.29
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.02
.36
.29
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.31
.31
.27

.24
.21
.15
.16
.06

.05
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.94
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2.02

.38
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Surface-water withdrawals, in cubic feet per second, from Pipestem Creek

1953 0.02 0.02 0.05 0.12 0.21 o0.28 0.37 0.40 0.32 0.18 0.07 0.02

1954 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1955 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1956 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1957 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1958 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1959 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1960 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1961 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1962 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1963 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1964 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1965 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1966 .02 .02 .05 .12 .21 .30 .37 .40 .32 .18 .07 .02
1967 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1968 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1969 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1970 .02 .02 .05 .12 .21 .28 .37 .40 .32 .18 .07 .02
1971 .02 .02 .05 .12 .21 .28 .37 .44 .32 .18 .07 .02
1972 .02 .02 .05 .12 .21 .28 .37 .44 .30 .18 .07 .02
1973 0 .02 .05 .12 .21 .28 .37 .45 .32 .16 .07 .02
1974 0 .02 .05 .12 .21 .28 .37 .47 .32 .16 .07 .02
1975 0 .02 .05 .12 .21 .28 .42 .45 .32 .16 .07 .02
1976 0 .02 .05 .12 .21 .28 .42 .45 .32 .16 .07 .02
1977 0 .02 .05 .12 .22 .28 .44 .47 .32 .16 .07 .02
1978 0 .02 .05 .12 .22 .28 .44 .47 .32 .17 .07 .02
1979 0 .02 .05 .12 .22 .28 .44 .47 .32 .17 .07 .02
1980 0 .02 .05 .12 .22 .28 .44 .47 .32 .17 .07 .02
1981 0 .02 .05 .12 .22 .28 .44 .47 .32 .17 .07 .02
1982 .02 .02 .05 .12 .20 .27 .44 .47 .28 .17 .a7 .02
Mean .01 .02 .05 .12 .20 27 .37 .41 .31 .17 .07 .02
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Surface-water withdrawals, in cubic feet per second, from the James River between the
Jamestown gage and the LaMoure gage
1953 0 0 0.02 0.02 0 0.08 1.13 1.00 0.33 0 0 0
1954 0 0 .02 .02 0 .08 1.13 1.00 .38 0 0 0
1955 0 0 .02 .02 0 .08 1.13 1.00 .3 0 0 0
1956 0 0 .02 .02 0 .08 1.13 1.00 .33 0 0 0
1957 0 0 .10 .10 .03 .08 .57 .50 .20 0 0 0
1958 0 0 .10 .10 .03 .08 .57 .50 .20 0 0 0
1959 0 0 .10 .10 .03 .08 .57 .50 .20 O 0 0
1960 0 0 .10 .10 .03 .08 .63 .57 22 0 0 0
1961 0 0 .10 .10 .03 .10 74 .66 27 0 0 0
1962 0 0 .03 .03 .02 .07 J .63 23 0 0 0
1963 0 0 .10 .10 .03 .10 J1 .65 23 0 0 0
1964 0 0 .10 .10 .03 .10 .71 .65 .23 0 0 0
1965 0 0 .10 .10 .03 .07 .27 .24 .10 © 0 0
1966 0 0 .10 .10 .03 .08 .57 .50 .20 0 0 0
1967 0 0 .10 .10 .03 .07 .21 .19 .07 0 0 0
1968 0 0 .10 .10 .03 .07 .29 .26 10 O 0 0
1969 0 0 .10 .10 .03 .07 .50 .45 17 0 0 0
1970 0 0 .10 .10 .03 .07 .53 .47 .18 0 0 0
1971 0 0 .10 .10 .03 .07 .21 .19 .07 © 0 0
1972 0 0 .10 .10 .03 .07 .36 .32 Jd2 0 0 0
1973 0 0 .10 .10 .03 .13 1.21 1.08 .42 0 0 0
1974 0 0 .10 .10 .03 .22 2.33 2.07 .80 0 0 0
1975 0 0 .10 .10 .03 .20 2.00 1.78 .67 O 0 0
1976 0 0 .10 .10 .03 .33 3.94 3.51 1.34 0 0 0
1977 0 0 0 0 0 .15 1.91 1.70 .65 0 0 0
1978 0 0 0 0 0 .15 2.05 1.83 .70 0 0 0
1979 0 0 0 0 0 .20 2.65 2.36 .90 0 0 0
1980 0 0 0 0 0 .23 3.05 2.72 1.04 © 0 0
1981 0 0 0 0 0 .18 2.39 2.13 .82 0 0 0
1982 0 0 0 0 0 .20 2.62 2.32 .89 0 0 0
Mean 0 0 .06 .06 .02 .12 1.19 1.06 .40 O 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year  Jan. Feb. Mar. Apr. May. June July Aug. Sept. Oct. Nov. Dec.
Surface-water withdrawals, in cubic feet per second, from Bear Creek
1953 0 0 0 0 0 0.05 0.57 0.50 0.20 0 0 0
1954 0 0 0 0 0 .05 .57 .50 .20 O 0 0
1955 0 0 0 0 0 .05 .57 .50 20 0 0 . 0
1956 0 0 0 0 0 .05 .57 .50 .20 0 0 0
1957 0 0 0 0 0 .05 .57 .50 20 0 0 0
1958 0 0 0 0 0 .03 .29 .26 10 0 0 0
1959 0 0 0 0 0 .03 .29 .26 .10 O 0 0
1960 0 0 0 0 0 .03 .29 .26 10 O 0 0
1961 0 0 0 0 0 .03 .29 .26 10 0 0 0
1962 0 0 0 0 0 .03 .29 .26 .10 0 0 0
1963 0 0 0 0 0 .03 .32 .26 10 0 0 0
1964 0 0 0 0 0 .03 .34 .31 12 0 0 0
1965 0 0 0 0 0 .05 .52 .45 17 0 0 0
1966 0 0 0 0 0 .05 .52 .45 17 0 0 0
1967 0 0 0 0 0 .05 .52 .45 17 0 0 0
1968 0 0 0 0 0 .03 .58 .52 .20 0 0 0
1969 0 0 0 0 0 .03 .52 .45 17 0 0 0
1970 0 0 0 0 0 .03 .19 .19 .07 0 0 0
1971 0 0 0 0 0 .05 .69 .61 23 0 0 0
1972 0 0 0 0 0 .03 .58 .52 20 0 0 0
1973 0 0 0 0 0 .03 .60 .53 .20 0 0 0
1974 0 0 0 0 0 .03 .45 .42 .17 0 0 0
1975 0 0 0 0 0 .03 .36 .31 Jd2 0 0 0
1976 0 0 0 0 0 .03 .36 .31 Jd2 0 0 0
1977 0 0 0 0 0 .03 .36 .31 12 0 0 0
1978 0 0 0 0 0 .02 .32 .29 12 0 0 0
1979 0 0 0 0 0 .03 .34 .31 Jd2 0 0 0
1980 0 0 0 0 0 .03 .39 .34 13 0 0 0
1981 0 0 0 0 0 .03 .42 .37 13 0 0 0
1982 0 0 0 0 0 .02 .32 .29 Jd2 0 0 0
Mean 0 0 0 0 0 .03 .42 .37 .14 0O 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Surface-water withdrawals, in cubic feet per second, from the James River between the junction

of Bear Creek and the James River and the LaMoure gage

1953 0 0 0 0 0 0.05 0.74 0.66 0.26 0 0 0
1954 0 0 0 0 0 .02 .23 .21 .08 0 0 0
1955 0 0 .06 .07 .03 .05 .23 .21 .08 0 0 0
1956 0 0 0 0 0 .02 .23 .21 .08 0 0 0
1957 0 0 0 0 0 .02 .23 .21 .08 0 0 0
1958 0 0 0 0 0 .03 .36 .32 13 0 0 0
1959 0 0 0 0 0 .03 .48 .44 .17 0 0 0
1960 0 0 0 0 0 .03 .36 .32 13 0 0 0
1961 0 0 0 0 0 .03 .36 .32 13 0 0 0
1962 0 0 0 0 0 .03 .36 .32 13 0 0 0
1963 0 0 0 0 0 .03 .36 .32 .13 0 0 ]
1964 0 0 0 0 0 .03 .36 .32 13 0 0 0
1965 0 0 0 0 0 0 .08 .08 .03 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 .02 .13 .13 .03 0 0 0
1968 0 0 0 0 0 .02 .16 .18 .07 0 0 0
1969 0 0 0 0 0 .02 .06 .06 .03 0 0 0
1970 0 0 0 0 0 .02 .27 .26 .10 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 .08 .08 .03 .03 .08 .06 .03 0 0 0
1973 0 0 .31 .32 .13 .13 .08 .06 .03 0 0 0
1974 0 0 .45 .47 .19 .22 .10 .10 .03 0 0 0
1975 0 0 .11 .12 .05 .15 1.29 1.15 .43 0 0 0
1976 0 0 .42 .43 .18 .32 1.66 1.49 .57 0 0 0
1977 0 0 .11 .12 .05 .07 2.21 1.97 75 0 0 0
1978 0 0 11 .12 .05 .22 2.29 2.04 .78 0 0 0
1979 0 0 .06 .07 .03 .23 2.63 2.36 .9 0 0 0
1980 0 0 .02 .02 0 .12 1.39  1.23 47 0 0 0
1981 0 0 .03 .03 .02 .13 1.49 1.33 .50 0 0 0
1982 0 0 .34 .37 .15 .29 1.76 1.56 .60 0 0 0
Mean 0 0 .07 .07 .03 .08 .64 .58 22 0 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Surface-water withdrawals, in cubic feet per second, from the James River between the junction

of Bear Creek and the James River and the State line

1953 0 0 0 0 0 0.07 0.99 0.87 0.33 0 0 0
1954 0 0 0 0 0 .07 .99 .87 .33 0 0 0
1955 0 0 0 0 0 .07 .99 1.03 .33 0 0 0
1956 0 0 0 0 0 .07 .99 .87 .33 0 0 0
1957 0 0 0 0 0 .05 .65 .58 23 0 0 0
1958 0 0 0 0 0 .05 .65 .58 .23 0 0 0
1959 0 0 0 0 0 .05 .65 .58 23 0 0 0
1960 0 0 0 0 0 .03 .53 .48 .18 0 0 0
1961 0 0 0 0 0 .07 .74 .66 25 0 0 0
1962 0 0 0 0 0 .05 .69 .61 23 0 0 0
1963 0 0 0 0 0 .07 .74 .68 27 0 0 0
1964 0 0 0 0 0 .05 .61 .55 20 O 0 0
1965 0 0 0 0 0 .03 .58 .52 .20 0 0 0
1966 0 0 .11 .12 .10 .17 1.00 .91 .33 0 0 0
1967 0 0 .11 .12 .10 .17 91 .81 23 0 0 0
1968 0 0 .19 .20 .08 .10 .81 .7 27 0 0 0
1969 0 0 .19 .20 .08 .13 .57 .50 20 0 0 0
1970 0 0 .23 .23 .10 .15 .66 .60 .23 0 0 0
1971 0 0 .23 .23 .10 .15 .66 .60 23 0 0 0
1972 0 0 .23 .23 .10 .18 1.13 1.00 .38 0 0 0
1973 0 0 .23 .23 .10 .23 1.58 1.41 .53 0 0 0
1974 0 0 .23 .23 .10 .27 1.41 1.83 .70 O 0 0
1975 0 0 .26 .27 .11 .28 2.18 2.18 .75 0 0 0
1976 0 0 .58 .60 .24 .83 7.66 6.82 2.61 O 0 0
1977 0 0 .19 .20 .08 .83 10.00 8.90 3.41 0 0 0
1978 0 0 .21 .22 .10 .60 6.79 6.04 2.32 0 0 0
1979 0 0 .37 .38 .16 .68 6.80 6.04 2.32 0 0 0
1980 0 0 .58 .60 .26 1.09 10.81 9.63 3.6 0 0 0
1981 0 0 0 0 0 .92 12.04 10.71 4.11 0 0 0
1982 0 0 0 0 0 .94 12.44 11.07 4.25 0 0 0
Mean 0 0 .13 .13 .06 .27 2.81 2.54 .96 0 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Sept.

_ Dec.

Jan. Feb. Mar. Apr. May June July  Aug.

Year

. Nov.

Oct.

Surface-water withdrawals, in cubic feet per second, from the James River between the

North Dakota-South Dakota State 1ine and Columbia, S.Dak.

0
0
0
0
0

1953
1954
1955
1956
1957

0
0

1958
1959
1960
1961
1962

0
0
0

0
0
0
0
0

1963
1964
1965

1966
1967

0
0
0
0
0

1968
1969
1970
1971
1972

0
0
0
0
0

1973
1974
1975
1976
1977

0
0

1978
1979
1980
1981
1982

.42

.42

0

0

.01

.01

0

Mean
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Supplement 3.--Surface-water withdrawals from the James River in North Daketa

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May. June July Aug. Sept. Oct. Nov. Dec.

Surface-water withdrawals, in cubic feet per second, from the James River between
Columbia, S.Dak., and Stratford, S.Dak.

1953 0 0 0 0 1.04 1.60 1.97 1.48 0 0 0 0
1954 0 0 0 0 1.04 1.60 1.97 1.48 0 0 0 0
1955 0 0 0 0 1.04 1.60 1.97 1.48 0 0 0 0
1956 0 0 0 0 1.04 1.41 1.97 1.48 0 0 0 0
1957 0 0 o 0 1.04 1.60 1.97 1.48 o 0 o 0
1958 0 0 0 0 1.04 1.60 1.97 © 0 0 0 0
1959 0 0 0 0 0 0 o 0 0 0 0 0
1960 0 0 0 0 1.04 1.60 1.97 1.32 0 0 0 0
1961 0 0 0 0 .11 .18 0 0 0 0 0 0
1962 0 0 0 o 1.04 1.60 1.97 1.48 0 0 0 0
1963 0 0 0 0 1.25 1.90 2.34 1.48 0 0 0 0
1964 0 0 0 0 2.05 3.13 3.84 2.24 0 0 0 0
1965 0 0 0 o 2.05 3.13 2.98 .16 0 0 0 0
1966 0 0 0 0 2.05 3.13 2.98 2.89 0 0 0 0
1967 0 0 0 0 2.05 3.13 2.98 2.08 0 0 0 0
1968 0 0 0 0 0 0 2.11 1.66 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 o 0
1970 0 0 o 0 0 .24 2.63 1.32 0 0 o 0
1971 0 0 o 0 0 .24 2.44 1.22 0 0 0 0
1972 0 0 0 0 0 0 1,92 1.22 0 0 0 0
1973 0 0 0 0 0 .15 2.46 1.01 o 0 0 0
1974 0 0 0 0 0 .34 3.53 3.42 .54 0O 0 0
1975 0 0 0 0 0 0 3.69 3.69 1.41 O 0 0
1976 0 0 0 0 .85 1.24 5.32 .02 0 0 0 0
1977 0 0 0 .54 .15 .10 11 .15 0 o 0 0
1978 0 0 0 0 .33  4.05 8.25 11.06 1.96 0O 0 0
1979 o 0 0 5.98 5.17 6.44 11.89 11.71 10.17 O 0 0
1980 0 0 0 11.14 16.34 10.62 19.40 11.71 8.39 © 0 0
1981 0 0 0 7.85 10.67 7.90 11.43 9.43 10.45 0 0 0
1982 0 0 0 .42 1.51 3.85 12.07 11.56 3.2 © 0 0
Mean 0 0 0 .86 1.76 2.08 3.94 2.94 1.21 0 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued -~
Year Jan. Feb. Mar. Apr. May  June July Aug. Sept. Oct. Nov. Dec.
Surface-water withdrawals, in cubic feet per second, from the James River between
Ashton, S.Dak., and Redfield, S.Dak.
1953 0 0 0 0 8.07 2.42 3.20 2.67 0 0 0 0
1954 0 0 0 0 8.07 2.42 .76 .59 0 0 0 0
1955 0 0 0 0 41 2.42 .76 .59 0 0 0 0
1956 0 0 0 0 .41  2.42 .76 .59 0 0 0 0
1957 0 0 0 0 8.78 3.26 5.68 .59 0 0 0 0
1958 0 0 0 0 8.78 .62 .76 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 9.25 3.76 .76 .59 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 9.25 3.76 4.77 .59 0 0 0 0
1963 0 0 0 0 .41 .62 .76 .59 0 0 0 0
1964 0 0 0 0 1.55 2.34 2.88 2.18 0 0 0 0
1965 0 0 0 0 3.58 5.41 6.68 0 0 0 0 0
1966 0 0 0 0 3.58 5.41 6.68 5.06 0 .0 0 0
1967 0 0 0 0 15.84 9.92 12.12 6.05 0 0 0 0
1968 0 0 0 0 1.09 2.91 9.47 6.80 25 0 0 0
1969 0 0 0 4.08 2.26 4.47 10.33 6.90 1.18 © 0 0
1970 0 0 0 3.45 1.82 5.08 11.34 6.31 1.06 O 0 0
1971 0 0 0 5.04 1.63 5.04 10.57 6.51 1.18 © 0 0
1972 0 0 0 0 35.73 .15 .65 1.61 .34 0 0 0
1973 0 0 0 11.46 70 1.43 2.29 2.29 0 0 0 0
1974 0 0 0 2.25 .07 .76 2.08 1.33 1.14 © 0 0
1975 0 0 0 10.32 .80 .92 7.30 4.00 .92 O 0 0
1976 0 0 0 0 2.52 5.65 4.85 1.04 .47 0 0 0
1977 0 0 0 .10 .34 3.46 5.94 3.33 1.53 0 0 0
1978 0 0 0 43.24 .33 2.74 5.37 3.68 1.14 O 0 0
1979 0 0 0 .10 2.37 2.50 4.28 1.56 .54 0 0 0
1980 0 0 0 .0% .08 1.31 1.69 .78 .07 O© 0 0
1981 0 0 0 0 .81 1.28 2.13  1.20 .37 O 0 0
1982 0 0 0 3.58 .65 2.76 4.50 4.70 .82 0 0 0
Mean 0 0 0 2.79 4.31 2.84 4.31 2.40 .37 0 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Surface-water withdrawals, in cubic feet per second, from the James River between
Redfield, S.Dak., and Huron, S.Dak.
1953 0 0 0 0 1.84 2.77 3.42 2.59 0 0 0 0
1954 0 0 0 0 2.03 3.08 2.00 1.51 0 0 0 0
1955 0 0 0 0 2.03 3.08 2.00 1.51 0 0 0 0
1956 0 0 0 0 1.06 3.08 2.00 1.51 0 0 0 0
1957 0 0 0 0 3.84 5.8 7.16 4.05 0 0 0 0
1958 0 0 0 0 3.84 5.8 5.35 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 3.84 5.80 5.35 4.05 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 4.72 7.14 8.83 5.01 0 0 0 0
1963 0 0 0 0 3.55 5.36 6.64 5.01 0 0 0 0
1964 0 0 0 0 6.59 9.97 12.33 9.30 0 0 0 0
1965 0 0 0 0 9.74 14.76 18.23 0 0 0 0 0
1966 0 0 0 0 13.19 19.96 24.69 18.64 0 0 0 0
1967 0 0 0 0 18.77 28.40 35.11 21.79 0 0 0 0
1968 0 0 0 0 4.37 10.00 11.86 6.51 0 0 0 0
1969 0 0 0 0 2.29 6.99 11.61 7.29 .52 0 0 0
1970 0 0 0 0 2.23 3.50 17.35 6.26 .34 0 0 0
1971 0 0 0 0 2.44 4.54 16.26 9.76 .67 0 0 0
1972 0 0 0 0 0 2.57 14.56 8.73 71 0 0 0
1973 0 0 0 0 3.61 4.54 1.48 .16 .39 0 0 0
1974 0 0 0 0 1.33 17.01 43.86 40.61 14.27 O 0 0
1975 0 0 0 0 .85 1.61 22.22 15.56 2.45 0 0 0
1976 0 0 0 5.39 17.89 39.46 32.90 7.38 2.18 0 0 0
1977 0 0 0 5.33 2.57 3.55 4.11 3.16 1.36 0 0 0
1978 0 0 0 1.97 9.97 11.88 31.78 18.23 4.02 0 0 0
1979 0 0 0 0 2.03 4.32 22.77 13.69 2.54 0 0 0
1980 0 0 0 0 7.59 12.82 10.44 10.77 .20 0 0 0
1981 0 0 0 0 .86 1.98 3.27 .70 10 O 0 0
1982 0 0 0 0 7.06 12.54 27.53 21.84 3.23 0 0 0
Mean 0 0 0 .42 4.67 8.41 13.50 8.19 1.10 0 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May. June July Aug. Sept. Oct. Nov. Dec.
Surface-water withdrawals, in cubic feet per second, from the James River between
Huron, S.Dak., and Forestburg, S.Dak.
1953 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 .37 .55 0 0 0 0 0 0
1956 0 0 0 0 .42 .64 .80 1.12 0 0 0 0
1957 0 0 0 0 .80 1.19 1.50 .60 0 0 0 0
1958 0 0 0 0 1.51 1.73 2.13 1.61 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 2.86 4.32 4.65 3.51 0 0 0 0
1961 0 0 0 0 2.33 3.53 4.36 2.76 0 0 0 0
1962 0 0 0 0 2.33 3.53 4.36 3.29 0 0 0 0
1963 0 0 0 0 2.33 3.83 4.03 3.06 0 0 0 0
1964 0 0 0 0 3.07 4.10 5.06 3.82 0 0 0 0
1965 0 0 0 0 2.70 4.10 5.06 3.82 0 0 0 0
1966 0 0 0 0 3.20 4.84 5.98 4.52 0 0 0 0
1967 0 0 0 0 3.24 5.46 6.77 4.59 0 0 0 0
1968 0 0 0 0 1.53 1.66 6.36 2.91 0 0 0 0
1969 0 0 0 0 0 1.29 1.82 .67 .05 0 0 0
1970 0 0 0 0 0 0 5.07 2.83 0 0 0 0
1971 0 0 0 0 0 1.01 4.88 2.44 0 0 0 0
1972 0 0 0 0 0 0 .21 A1 .07 0 0 0
1973 0 0 0 0 0 .07 2.28 .42 0 0 0 0
1974 0 0 0 0 0 0 8.60 3.20 0 0 0 0
1975 0 0 0 0 0 .29 9.29 5.22 0 0 0 0
1976 0 0 0 .10 0 4.15 5.40 .28 0 0 0 0
1977 0 0 0 .22 .24 .54 .54 .33 0 0 0 0
1978 0 0 0 0 0 .60 .91 .91 .62 0 0 0
1979 0 0 0 0 .02 .82 2.83 2.05 .54 0 0 0
1980 0 0 0 0 1.53 1.38 0 0 0 0 0 0
1981 0 0 0 .13 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 .47 .49 2.13 0 0 0 0
Mean 0 0 0 .02 .95 1.67 3.11 1.87 .04 O 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Surface-water withdrawals, in cubic feet per second, from the James River between
Forestburg, S.Dak., and Mitchell, S.Dak.
1953 0 0 0 0 1.79 2.72 3.37 1.82 0 0 0 0
1954 0 0 0 0 2.83 4.29 4.34 3.27 0 0 0 0
1955 0 0 0 0 2.83 4.29 4.34 3,27 0 0 0 0
1956 0 0 0 0 3.38 5.13 6.34 5.50 0 0 0 0
1957 0 0 0 0 5.25 7.97 9.86 7.43 0 0 0 0
1958 0 0 0 0 5.25 7.19 8.90 6.72 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 6.11 9.28 10.52 7.94 0 0 0 0
1961 0 0 0 0 6.11 9.28 11.47 7.94 0 0 0 0
1962 0 0 0 0 6.11 9.28 11.47 8.65 0 0 0 0
1963 0 0 0 0 6.11 9.28 10.52 7.94 0 0 0 0
1964 0 0 0 0 6.11 8.50 10.52 7.94 0 0 0 0
1965 0 0 0 0 7.33 11.13 13.74 10.38 0 0 0 0
1966 0 0 0 0 7.33 11.13 13.74 10.38 0 0 0 0
1967 0 0 0 0 12.43 20.10 24.85 17.56 0 0 0 0
1968 0 0 0 0 2.33 5.23 12.41 4.83 .84 0 0 0
1969 0 0 0 0 0 1.45 11.81 7.03 3.90 0 0 0
1970 0 0 0 0 .37 7.68 14.62 6.41 72 0 0 0
1971 0 0 0 0 .33 3.36 11.38 5.69 2.52 0 0 0
1972 0 0 0 0 .02 .02 .39 .31 .02 0 0 0
1973 0 0 0 0 .23 1.97 3.87 1.77 .20 0 0 0
1974 0 0 0 .20 .55 .66 8.10 4.00 .18 0 0 0
1975 0 0 0 0 .50 1.04 11.34 6.08 .40 0 0 0
1976 0 0 0 1.33 4.93 11.01 15.91 2.37 .07 0 0 0
1977 0 0 0 1.61 4.98 4.99 .42 .46 .18 0 0 0
1978 0 0 0 0 4.47 12.22 17.42 14.36 5.09 0 0 0
1979 0 0 0 .15 .16 1.31 3.33 3.01 12 0 0 0
1980 0 0 0 1.83 2.72 2.45 91 0 0 0 0 0
1981 0 0 0 0 .39 .52 .02 0 0 0 0 0
1982 0 0 0 0 2.16 .24 3.16 1.22 13 0 0 0
Mean 0 0 0 .17 3.44 5.79 8.64 5.48 .48 0 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Surface-water withdrawals, in cubic feet per second, from the James River between
Mitchell, S.Dak., and Scotland, S.Dak.
1953 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 1.09 1.65 2.03 1.55 0 0 0 0
1958 0 0 0 0 1.09 1.65 2.03 1.55 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 2.20 3.33 4.10 3.11 0 0 0 0
1961 0 0 0 0 2.20 3.33 4.10 3.11 0 0 0 0
1962 0 0 0 0 2.20 3.33 4.10 3.11 0 0 0 0
1963 0 0 0 0 2.20 3.33 4.10 3.11 0 0 0 0
1964 0 0 0 0 2.31 3.48 4,29 3.25 0 0 0 0
1965 0 0 0 0 2.63 3.97 4.90 3.7 0 0 0 0
1966 0 0 0 0 2.63 3.97 4.90 3.71 0 0 0 0
1967 0 0 0 0 2.63 3.97 4,90 3.7 0 0 0 0
1968 0 1] 0 1.48 1.79 1.51 2.18 .83 .47 0 0 0
1969 0 0 0 0 0 0 .15 .13 0 0 0 0
1970 0 0 0 0 1.09 2.91 4.39 1.22 .07 O 0 0
1971 0 0 0 0 .81 2.52 6.18 1.63 .84 0 0 0
1972 0 0 0 0 0 0 .18 .49 .08 0 0 0
1973 0 0 0 0 .63 .97 .72 .86 .25 0 0 0
1974 0 0 0 0 .15  3.29 5.32 2.76 1.48 0 0 0
1975 0 0 0 0 13 2.84 5.63 4.86 1.34 0 0 0
1976 0 0 0 0 1.48 7.34 16.64 6.33 0 0 0 0
1977 0 0 0 .24 2.62 10.86 20.35 6.47 0 0 0 0
1978 0 0 0 0 .68 3.50 10.59 10.80 25 0 0 0
1979 0 0 0 0 0 2.55 6.77 8.28 2.03 O 0 0
1980 0 0 0 .39 6.60 18.32 34.19 11.89 0 0 0 0
1981 0 0 0 .20 6.10 5.04 6.80 2.86 0 0 0 0
1082 0 0 0 .9 1.51 11.88 24.13 19.45 .66 0 0 0
Mean 0 0 0 11 1.49 3.52 6.12 3.63 25 0 0 0
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May- June July Aug. Sept. Oct. Nov. Dec.
Surface-water withdrawals, in cubic feet per second, from the James River
for city of Aberdeen, S.Dak.
1953 2.60 2.55 2.52 2.64 2.90 3.02 4.18 4.36 4.41 3.33 2.80 2.91
1954 3.30 3.27 2.94 3.13 3.58 3.62 6.07 4.39 3.29 2.99 2.78 2.79
1955 2.83 2.87 3.14 3.10 4.48 4.25 5.38 4.41 4.55 3.43 3.18 3.38
1956 3.76 4.46 4.33 3.24 4.00 5.01 4.78 4.32 3.86 4.05 2.63 2.97
1957 3.08 3.09 3.23 3.11 3.14 3.13 5.37 4.22 3.19 2.96 2.60 2.72
1958 2.91 2.80 2.73 2.74 3.76 3.44 4.82 6.47 4.40 3.62 2.59 3.11
1959 3.09 3.69 3.66 3.95 4.04 5.19 5.82 5.67 4.82 3.51 3.33 3.24
1960 3.31 3.59 3.28 3.27 4.27 5.21 8.07 5.29 5.16 3.08 2.50 2.52
1961 2.57 2.69 2.66 3.04 3.46 5.51 4.6 6.52 3.47 3.50 2.50 2.35
1962 2.34 3.12 3.01 2.94 3.23 3.64 3.50 6.14 3.57 3.01 2.77 2.90
1963 2.86 3.59 3.72 3.83 3.99 4.95 5.31 4.70 4.40 4.02 2.91 2.99
1964 2.82 2.93 2.83 2.82 4.07 4.78 6.07 4.24 4.12 3.04 2.81 2.72
1965 2.84 2.93 3.10 2.94 3.28 4.20 5.54 6.53 3.93 3.11 2.88 3.01
1966 2.86 2.93 3.06 3.04 4.25 5.16 6.08 4.44 4.22 3.34 3.16 3.39
1967 3.42 3.39 3.64 3.56 4.30 4.20 6.23 6.46 4,53 3.27 2.83 2.70
1968 2.81 3.35 2.80 2.76 3.40 3.73 5.12 6.22 3.64 4.38 3.00 3.22
1969 2.59 3.12 3.32 3.40 3.11 4.47 3.45 6.38 4.83 3.72 2.93 2.74
1970 2.73 2.85 2.87 2.94 3.16 5.77 7.44 3.99 4.18 3.06 3.32 3.29
1971 3.24 2.87 2.65 3.16 4.18 4.00 4.34 7.24 3.37 3.8 3.58 3.52
1972 4.07 4.69 3.66 3.53 3.98 5.29 4.92 6.05 5.60 3.95 3.05 3.16
1973 3.07 3.08 3.06 3.23 5.55 7.43 7.18 7.50 4.55 4.11 3.59 3.50
1974 3.87 3.34 3.33 3.35 3.77 7.70 7.78 6.71 5.5 3.76 3.37 3.25
1975 2.92 2.96 3.24 3.61 3.57 4.52 9.10 6.72 5.13 4.09 3.76 3.67
1976 3.69 3.60 3.61 3.61 7.15 7.50 10.62 7.84 6.22 3.94 3.50 3.58
1977 3.58 3.18 3.00 4.27 4.94 5.52 7.78 6.73 5.08 3.94 4.79 4.96
1978 3.24 3.72 2.78 3.78 3.14 5.79 5.16 6.21 5.13 3.98 2.99 2.73
1979 2.68 2.92 4.20 4.11 3.56 3.41 5.75 5.59 6.72 4.86 3.68 3.27
1980 3.40 3.49 3.19 4.97 7.80 5.94 10.49 6.20 4.69 3.78 3.08 2.80
1981 3.06 3.44 3.09 4.61 6.60 5.43 7.94 6.51 7.41 3.47 3.16 2.98
1982 3.14 3.63 3.53 4.25 3.93 5.37 9.48 8.16 3.26 3.51 3.14 3.01
Mean 3.09 3.27 3.21 3.43 4.15 4.91 6.29 5.87 4.58 3.62 3.11 3.11
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Surface-water withdrawals, in cubic feet per second from the James River for
city of Huron, S.Dak.
1953 1.35 1.40 1.35 1.60 2.09 2.39 2.94 2.72 2.25 1.48 1.31 1.31
1954 1.45 1.51 1.45 1.72 2.25 2.57 3.17 2.93 2.43 1.60 1.41 1.41
1955 1.82 1.89 1.82 2.16 . 2.82 3.22 3.97 3.68 3.04 2.00 1.76 1.76
1956 2.07 2.14 2.07 2.45 3.20 3.65 4.50 4.17 3.45 2.27 2.00 2.00
1957 1.83 1.90 1.83 2.17 2.84 3.24 3.99 3.69 3.05 2.01 1.77 1.77
1958 2.12  2.18 2.12 2.50 3.28 3.74 4.61 4.26 3.83 2.32 2.04 2.05
1959 1.61 1.67 1.61 1.91 2.50 2.85 3.51 3.25 2.69 1.77 1.56 1.56
1960 1.73 1.80 1.73 2.05 2.68 3.06 3.77 3.49 2.80 1.90 1.68 1.68
1961 2.17 2.25 2.17 2.57 3.36 3.83 4.72 4.37 3.61 2.38 2.10 2.10
1962 1.90 1.97 1.90 2.25 2.94 3.35 4.13 3.83 3.16 2.08 1.84 1.84
1963 2.17 2.25 2.17 2.57 3.36 3.84 4.73 4.38 3.62 2.38 2.10 2.10
1964 2.66 2.75 2.66 3.14 4.12 4.70 5.79 5.36 4.43 2.92 2.57 2.57
1965 2.99 3.10 2.99 3.54 4.63 5.29 6.52 6.03 4.99 3.28 2.89 2.90
1966 2.66 2.76 2.66 3.15 4,12 4.70 5.80 5.37 4.44 2.92 2.57 2.58
1967 2.62 2.71 2.62 3.10 4.05 4.62 5.70 5.28 4.36 2.87 2.53 2.53
1968 2.35 2.44 2.35 2.79 3.65 4.16 5.13 4.75 3.92 2.58 2.28 2.28
1969 2.44 2.53 2.44 2.89 3.78 4.31 5.31 4.92 4.07 2.68 2.35 2.36
1970 2.56 2.66 2.56 3.03 3.97 4.53 5.58 5.17 4.27 2.82 2.48 2.48
1971 2.58 2.67 2.58 3.05 3.99 4.55 5.61 5.19 4.29 2.82 2.49 2.49
1972 2.44 2.53 2.44 2.89 3.78 4.31 5.31 4.92 4.06 2.67 2.36 2.36
1973 2.68 2.78 2.68 3.17 4.15 4.74 5.84 5.41 4.47 2.94 2.59 2.60
1974 2.75 2.84 2.75 3.25 4.25 4.85 5.98 5.54 4.58 3.01 2.65 2.66
1975 2.63 2.72 2.63 3.11 4.07 4.64 5.72 5.30 4.38 2.88 2.54 2.54
1976 2.61 2.70 2.61 3.08 4.03 4.60 5.67 5.25 4.34 2.86 2.52 2.52
1977 2.13 2.21 2.13 2.40 3.30 3.77 4.64 4.30 3.55 2.34 2.06 2.06
1978 2.63 2.72 2.63 3.11 4.07 4.64 5.72 5.29 4.38 2.88 2.54 2.54
1979 2.16 2.42 2.31 2.25 3.19 4.18 4.30 4.42 4.57 2.60 2.06 2.07
1980 2.09 2.06 1.94 2.88 4.26 3.40 4.60 3.94 3.77 2.73 2.04 2.07
1981 1.98 2.01 2.06 2.96 3.81 4.68 5.57 3.80 3.80 2.48 2.27 2.24
1982 2.31 2.30 2.24 2.22 2.41 3.20 4.39 4.48 2.86 2.03 2.08 2.05
Mean 2.25 2.33 2.25 2.67 3.50 3.99 4.91 4.52 3.78 2.48 2.18 2.18
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Oct. Nov. Dec.

Sept.

July Aug.

Jan. Feb. Mar. Apr. May June

Year

Surface-water withdrawals, in cubic feet per second, from the James River for

city of Mitchell, S.Dak.

0
0
0
0
0

1953
1954
1955
1956
1957

0
0
0
0
0

1958
1959
1960
1961
1962

0
0
0
0
0

1963
1964
1965
1966
1967

0
0
0
0
0

1968
1969
1970
1971

1972

0
0
0
0
0

1973
1974
1975
1976
1977

0
0
0
0
0

1978
1979
1980
1981
1982

22.46 0

0

0
]

21.92
23.70
0
0

21.21

]

0
17.96

22.93

16.22
17.47

0

.75

1.52

2.59

0

Mean
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Supplement 3.--Surface-water withdrawals from the James River in North Dakota

and South Dakota, 1953-82--Continued

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Surface-water withdrawals, in cubic feet per second from the James River for city of
Mitchell, S.Dak.--Wastewater

1953 1.33 1.40 1.37 1.69 2.13  2.25 2.83 2.64 2.32 1.62 1
1954 1.06 1.12 1.10 . 1.80 2.27 2.11 1.86 1.29 1.
1955 1.33 1.40 1.38 1.70 2.14 2.26 2.84 2.65 2.33 1.62 1.29 1.31
1956 1.56 1.64 1.61 1,08 2.50 2.64 3.32 3.09 2.72 1.89 1
2.2 1

1957 1.34 1.41 1.38 1.70 2.15 7 2.86 2.66 2.34 1.63

1958 1.63 1.71 1.68 2.07 2.61 2.75 3.46 3.22 2.84 1.97 1
1959 1.72 1.81 1.77 2.18 2.76 2.91 3.66 3.41 3.00 2.08 1
1960 1.56 1.64 1.61 1.98 2.50 2.64 3.32 3.08 2.72 1.89 1.50 1.53
1961 1.66 1.75 1.71 2.11 2.66 2.81 3.53 3.29 2.89 2.01 1
1962 1.59 1.67 1.64 2.02 2,55 2.69 3.39 3.15 2.77 1.93 1

1963 1.84 1.94 1.90 2.34 2,95 3.11 3.92 3.65 3.21 2.23 1
1964 2.05 2.16 2.12 2.60 3.29 3.47 4.37 4.06 3.57 2.49 1
1965 1.85 1.95 1.91 2.35 2.97 3.13 3.94 3.67 3.23 2.24 1.79 1.82
1966 2.00 2.11 2.07 2.54 3.22 3.39 4.27 3.97 3.49 2.43 1
1967 1.94 2.04 2.00 2.46 3.11 3.28 4.13 3.84 3.38 2.35 1

1968 1.96 2.06 2.02 2.49 3.15 3.32 4.18 3.89 3.42 2.38 1.89 1.93
1969 1.77 1.81 1.83 2.25 2.84 3.00 3.77 3.51 3.09 2.15 1.71 1.74
1970 2.10 2.21 2.17 2.67 3.37 3.55 4.47 4.16 3.66 2.54 2.03 2.06
1971 1.94 2.04 2.00 2.47 3.12 3.29 4.14 3.85 3.3 2.35 1.87 1.91
1972 1.94 2.04 2.00 2.46 3.1 3.28 4.13 3.84 3.38 2.35 1.87 1.90

1973 2.20 2.31 2.27 2.79 3.53 3.72 4.69 4.36 3.84 2.67 2.12 2.16
1974 2.13 2.24 2.20 2.70 3.42 3.60 4.53 4.22 3.71 2.58 2.05 2.09
1975 1.96 2.07 2.03 2.49 3.15  3.32 4.18 3.89 3.42 2.38 1.89 1.93
1976 1.69 1.78 1.75 2.15 2.72 2.87 3.61 3.36 2.95 2.05 1.63 1.66
1977 1.84 1.903 1.90 2.33 2.95 3.11 3.92 3.64 3.21 2.23 1.77 1.81

1978 1.88 1.98 1.94 2.39 3.02 3.19 4.01 3.73 3.28 2.28 1.82 1.85
1979 1.81 1.90 1.87 2.30 2.90 3.06 3.85 3.58 3.15 2.19 1.74 1.78
1980 1.88 1.98 1.94 2.39 3.02 3.19 4.01 3.73 3.28 2.28 1.82 1.85
1981 1.81 1.90 1.87 2.30 2.90 3.06 3.85 3.58 3.15 2.19 1.74 1.78
1982 1.94 2.04 2.00 2.47 3.12  3.29 4.14 3.85 3.39  2.35 1.87 1.91

Mean 1.78 1.87 1.83 2.26 2.85 3.01 3.79 3.52 3.10 2.15 1.71 1.75
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Supplement 4.--Sand Lake mass-balance study

Since 1960, the refuge managers of Sand Lake National Wildlife Refuge
have prepared Annual Water Program summaries that include, among other
information, tabulations of average monthly lake elevations of Sand and Mud
Lakes (Robert Green, written commun., 1985). Annual summaries prior to 1960
do not include tabulations of monthly lake elevations but do include narra-
tive discussions of the operation of Sand and Mud Lakes. Although the
narrative discussions do not indicate the elevation of Sand and Mud Lakes on
a monthly basis, the discussions usually indicate lake elevations prior to
spring breakup, maximum elevations reached during spring and summer, and
lake elevations subsequent to winter freezeup. In addition, the Water
Management Plan for 1958 contains a compilation of refuge water-management
records; and this compilation includes a tabulation of end-of-month lake
elevations for May through September of 1939-57.

A reconstruction of the operation of Sand Lake for 1953-59 was accom-
plished by reviewing the narrative summaries. For some months, it was
necessary to interpolate between reported elevations of months preceding and
following the month in question. In addition, it was sometimes necessary to
assume that lake elevations remained constant, or changed at a uniform rate,
from winter freezeup to spring breakup.

The method used to reconstruct the operation of Mud Lake for 1956-59 was
similar to the method described for Sand Lake; however, narrative summaries
for 1953-55 were not of sufficient detail to reconstruct operation of Mud
Lake. In addition, the end-of-month contents for Mud Lake for May through
September 1953 were reported as lost in the 1958 Water Management Plan
(Robert Green, written commun., 1985). The assumption was made that Mud
Lake elevations are directly proportional to inflow; thus, lake elevations
for 1953-55 were reconstructed by using associated lake elevations of simi-
lar inflows that occurred when more detailed operations record were kept.

Evaporation

Monthly pan-evaporation data have been collected at Redfield since 1949
(U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, Environmental Data Service, 1982). The pan-evaporation data
normally were collected for April through October, but there are some
months with missing data. To complete the Sand Lake mass-balance study, it
was necessary to fill in the missing evaporation data for the months of
April-October and to estimate evaporation for the months of November-March.

Monthly pan evaporation at Redfield was correlated with average monthly
temperature at Redfield from 1953-81 (U.S. Department of Commerce, National
Oceanic and Atmospheric Administration, Environmental Data Service,
1954-82). A correlation coefficient of 0.78 was computed. Temperature was
used as the independent variable and pan evaporation was used as the depen-
dent variable to develop a regression equation as follows:
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E = -3.73040.1734(7) (23)

where
T = average monthly temperature, in degrees Fahrenheit, and
E = average monthly pan evaporation, in inches.

Equation 23 was used to compute missing pan-evaporation data during the
months of April-October.

Discussions with the South Dakota State Climatologist and the South
Dakota State Soil Conservation Service did not reveal the existence of a
method to estimate pan evaporation during the winter months of November
through March. However, the U.S. Department of Agriculture (no date) indi-
cates that pan evaporation for November through March is 8.0 percent of the
annual pan evaporation and is distributed as follows: November, 3 percent;
December, 1.0 percent; January, 0.75 percent; February, 0.95 percent; and
March, 2.30 percent. This distribution of pan evaporation during the winter
was used in the operation study of Sand Lake. The total pan evaporation for
April-October was divided by 0.9198 to obtain the total annual pan evapo-
ration, and then the monthly pan evaporation for each month during
November-March was estimated by multiplying the appropriate monthly propor-
tion times the estimated annual total. Monthly pan-evaporation values are
listed in the following table.

Monthly lake evaporation was estimated by multiplying the monthly pan
evaporation by a factor of 0.725 (U.S. Department of Agriculture, no date).
The factor to convert pan evaporation to gross reservoir evaporation is
intended for use in converting annual values and needs to be used with
caution when converting monthly values (Winter, 1981). However, due to lack
of better data, this factor was used.

Precipitation

Monthly precipitation data are recorded at the Sand Lake National
Wildlife Refuge headquarters and published as Columbia, S. Dak. Monthly
precipitation data for 1953-82 are listed in the following table (U.S.
Department of Commerce, National Oceanic and Atmospheric Administration,
Environmental Data Service, 1954-83).

Operation study

Annual Water Program summaries prepared by the refuge managers included
the surface area as a function of reservoir capacity for each lake based on
area-capacity tables developed from surveys completed in the 1940's. As
part of the present study, it was determined necessary to use area-capacity
tables developed from a U.S. Bureau of Reclamation survey conducted in
1980. Historic lake levels were used in conjunction with the area-capacity
tables to generate "adjusted" areas and capacities for each lake.

To obtain the "adjusted" areas and capacities, a computer program was

written that computes the area and capacity of each lake based on lake ele-
vations that were read as input. Monthly pan evaporation at Redfield and
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Recorded and estimated monthly pan evaporation, in inches, for 1953-82 at Redfield, S.Dak.

Year Jan. Feb. May July Aug. Dec. Total
1953 0.32 0.4 5.85 6.22 0.44 43.03
1954 .39 .49 7.08 10.15 .53 51.64
1955 .49 .62 12.35 9.26 .66 64.86
1956 .38 .49 8.24 7.98 .52 51.23
1957 .33 .42 5.60 8.12 .45 44.30
1958 .38 .48 8.49 6.77 .51 50.41
1959 .42 .53 7.28 11.28 .57 56.08
1960 .37 .47 7.41 8.69 .51 49.54
1961 .35 .45 6.19 8.00 .48  47.12
1962 .31 .39 4,23 6.53 .42 41.25
1963 .38 .48 6.93 8.94 .51 50.19
1964 .42 .54 7.01 10.31 .58 56.48
1965 .36 .46 7.27 8.55 .49 48.27
1966 .39 .49 8.00 10.76 .53 51.85
1967 .37 .47 6.96 8.37 .51 49.73
1968 .37 .47 5.66 9.36 .51 49.60
1969 .39 .50 7.10 8.28 .54 52.56
1970 .41 .52 6.48 9.70 .56 55.15
1971 .40 .51 6.74 9.19 .55 53.79
1972 .35 .44 5.81 8.23 .48 46.73
1973 .36 .46 5.53 8.95 .49  48.13
1974 .41 .52 5.62 10.63 .56 54.68
1975 .37 .47 6.07 10.89 .50 49.40
1976 .51 .65 8.50 11.79 .70 68.48
1977 .43 .54 9.22 11.01 .58 56.93
1978 .38 .48 6.24 8.62 .51 50.41
1979 .31 .39 5.44 8.89 .42 41.53
1980 .42 .53 10.04 8.67 .57 55.70
1981 .45 .57 7.55 11.51 .61 60.15
1982 .37 .47 6.43 9.12 .51 49.91
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Monthly precipitation, in inches, at Sand Lake National Wildlife Refuge for 1953-82

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

1953 0.46 0.90 0.96 5.65 3.18 7.93 0.87 2.03 0.28 0.62 0.30 0.30 23.48
1954 .17 .08 .42 1.61 1.11 2.60 1.34 2.12 2.72 .81 .10 .20 13.28
1955 .25 .32 .15 .96 2.30 4.39 2.55 2.60 .55 0 .07 .10 14.24
1956 .45 .18 .70 74 2,25 2.47 2.02 1.32 1.32 1.84 1.63 .30 15.22
1957 .16 .29 .10 4.38 4.67 3.84 2.61 5.84 2.19 2.11 1.00 .31 27.50
1958 .22 1.72 0 2.10 1.98 2.70 1.69 .68 .23 79 1.02 o0 13.13
1959 .14 .49 .06 .49 3.19 2.21 2.88 1.28 2.66 1.13 .69 .65 15.87
1960 .81 .38 .56 3.25 2.39 2.95 1.23 4.69 1.21 71 .50 .83 19.51
1961 O .30 .10 1.64 3.18 2.24 2.55 .43  3.02 3.20 .04 .43 17.13
1962 .38 .86 .81 1.70 5.23 3.58 4.27 1.86 2.14 1.25 .55 .02 22.65

1963 15 0 .23 1.44 3.38 4.67
1964 .21 .07 1.05 5.08 2.06 4.31
1965 .37 .10 1.00 3.18

1966 .08 .51 4.40 1.40 1.49 3.84
1967 .61 .38 .11 4.59 .61 6.01

7 3.87 1.92 .15 .43 .22 20.43
6 2.14 1.07 .10 .34 .53 20.12
4 2.45 2.60 .56 .88 .50 21.05
.68 3.83 2.06 1.56 .65 .01 21.81
05 .94 3.55 1.82 .45 .86 21.98

1968 05 0 1.80 4.96 2.24 4.40 2.37 .97  4.06 .48 .78 2.04 24.15
1969 1.54 2.60 .25 .89 2.34 3.34 3.76 .99 .44 .51 13 1.15  17.94
1970 1.00 .84 2.59 3.66 2.33 1.91 3.11 25 1.12 1.25 2.39 .59  21.04
1971 .98 .40 .07 1.45 2.62 3.84 1.72 1.27 1.32 3.01 1.57 .97 19.22
1972 1.27 77 1.40 .89 5.99 1.32 4.16 1.08 O 1.26 .73 1.20 20.07

1973 .30 07 1.49 .99 1.9 1.91 1.5 1.88 4.45 2.09 .44 .73 17.50

1974 .01 .45 .59 2.67 5.55 .17 1.56 1.53 .37 .50 .02 .02 13.44
1975 .56 .29 2.57 3.28 1.93 6.63 .58 2.74 1.73 1.25 .22 .36 22.14
1976 1.03 .58 .84 1.46 .45 2.95 .25 .99 .80 .21 .02 .22 9.80

1977 .24 .67 3.33 .85 3.14 2.33 2.68 2.72 4.34 1.44 2.03 .86 24.63

1978 .01 .37 73 2.00 3.44 7.04 1.67 3.29 O .21 .58 0 19.34
1979 1.22 1.25 1.57 2.49 2.15 4.05 3.11 .61 .41 1.11 .04 .13 18.14
1980 .72 .42 .54 .58 2.52 2.40 1.08 4.71 1.03 1.30 0 .04 15.34

1981 .16 .10 .78 1.21 1.71 3.19 5.69 2.78 1.18 2.51 .46 .75 20.52
1982 1.66 .20 4.19 .62 2.57 1.56 3.41 .72 2.08 4.55 .58 .09 22.23
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monthly precipitation at Columbia also were read as input. The program com-
puted the change in storage of the lake, the evaporation loss, the precipi-
tation gain, and net gain or loss for each lake on a monthly basis. These
data were used as input to the mass-balance study.

Mass-balance study

A mass-balance study was computed using output data from the operation
study in conjuction with inflow of the James River at the North Dakota-South
Dakota State line and outflow of the James River at Columbia. The mass-
balance study was conducted on an annual basis in the following manner.

Annual streamflow of the James River at the State line was adjusted by a
factor of 1.10 to account for the intervening inflow that accrues directly
to the refuge downstream from the State line gaging station (refuge inflow).
Annual discharge at Columbia was adjusted by a factor of 0.96 to account for
the intervening inflow that accrues to the James River between the refuge
and the Columbia gage (refuge outflow). The difference of refuge outflow
minus refuge inflow plus the refuge change in storage produced the stream
gain or loss through the refuge. Evaporation and precipitation data were
used to compute the accounted-for loss within the refuge. The difference
between the stream loss or gain and the accounted-for l1oss was termed the
unaccounted-for l1oss within the refuge.

This method is similar to a previous mass-balance study conducted on the
refuge (Benson, 1983), except the change in refuge storage was incorporated
into the present mass balance and most of the input data (area-capacity,
infow, outflow, and evaporation) were refined in greater detail. The
results of the mass-balance computation are presented in the following
table.
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